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Original Communications 


ORTHOSTATIC TACHYCARDIA AND ORTHOSTATIC 
HYPOTENSION: DEFECTS IN THE RETURN 
OF VENOUS BLOOD TO THE HEART* 


LIEUTENANT ALEXANDER R. MacLean, MC-V(S), 
UNITED States NAvAL RESERVE, 
LIEUTENANT COLONEL EpGar V. ALLEN, MC, 
ARMY OF THE UNITED STATES, AND 
Captain THomMAS B. Macatu, MC-V(S), 
UnitTep States NAvAL RESERVE 


N A previous paper’ we demonstrated that failure of return of an 

adequate amount of venous blood to the heart is an essential factor in 
the syndromes of orthostatic hypotension and orthostatic tachyeardia. 
When patients suffering from these disorders blow against a column of 
mereury, thus inereasing the intrathoracic pressuret (Flack test), the 
venous return fails to the extent that there are a marked decrease of the 
filling of the heart, decreased cardiae output, and subsequent failure of 
the peripheral pulse. We were able to demonstrate that maintenance of 
the recumbent position potentiated defects of venous return in the erect 
state, and that the use of the ‘‘head-up’’ tilted bed frequently caused 
alleviation of both signs and symptoms. This observation has been con- 
firmed recently by the work of Corcoran, Browning, and Page.* Since 
this first report we have enlarged our study and have made additional 
observations. 

TECHNIQUE 

During the past two years, normal subjects and a large group of pa- 
tients who were suffering from a variety of disorders have been examined 
in a consistent, detailed manner with respect to standing and reeumbent 
blood pressures, heart rates, and Flack tests. Multiple studies were done 

Received for publication March 30, 1943. 

*The opinions and assertions contained herein are the private ones of the writers, 
and are not to be considered as official, or reflecting the views of the Navy Depart- 


ment or the naval service at large. 


+The lower lines in Figs. 1, 2, and 3 measure the pressure in the tube leading to the 
column of mercury against which the subject blows. The data, therefore, do not 
actually indicate intrathoracic pressure, although they give a rough measure of it. 
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on each patient over a period of several days, and at varying times. 
Heart rates which were normal in the recumbent position and which im- 
mediately increased to more than 120 beats per minute on the assumption 
of the erect posture were considered of significance only if they imme- 
diately reverted to normal when the recumbent position was resumed. 
Postural variations of blood pressure were considered abnormal only 
when very large, consistent reductions occurred when the erect posture 
was assumed, and when such reductions were associated with symp- 
toms or with compensatory tachycardia and a positive Flack reaction. 

A positive Flack reaction was considered to be one in which, when 
the subject was erect, the radial pulse disappeared within a period of 
ten seconds after the initiation of the blowing and did not return as 
long as the blowing could be maintained. Frequently, it was observed 
that there was a brief initial disappearance of the radial pulse, but 
that the pulse returned vigorously after a few seconds. Such a disap- 
pearance was not considered to be a positive reaction. Caution was 
used in describing as positive a blowing reaction which was not aceom- 
panied or immediately followed by faintness, blurring of vision, and 
other sensations of impending syncope. Some women and asthenic men 
were not able to blow the column of mereury to the 40 mm. mark. For 
these persons a 30 mm. blow was used as the standard. Since palpation 
of the radial pulse was not considered an entirely reliable index of 
peripheral pulsation, recordings of the pulse volume of the index finger 
were obtained by means of the finger plethysmograph through the 
medium of a rubber tambour, reflected light, and moving, sensitized 
paper. This method visualized the impressions obtained through the 
palpating finger in a qualitative manner. Quantitative measurements 
could not be applied to the results with our technique, and the results 
cannot be considered to be more accurate than impressions gained 
through simple palpation. 

Crude as our attempts have been to measure the potential of venous 
return, it is apparent that gross defects in the return of venous blood 


to the heart can be appreciated by these simple methods. 


CLASSIFICATION 


Group 1. Inconsistent Orthostatic Failure of Venous Return.—Sub- 
jects in this classification may or may not demonstrate at any one time 
the classical signs and symptoms of failure of venous return in the erect 
posture, namely, orthostatic weakness, faintness, and occasional syneope, 
associated with orthostatic hypotension or tachyveardia, and an abnormal 
Flack reaction. Both signs and symptoms disappear in the recumbent 
position. Hypotension, if present, is associated usually with compensatory 
tachveardia. There may be only taehveardia in the ereet posture, assoei- 
ated occasionally with a fall in blood pressure or a diminution in pulse 
pressure. Both signs and symptoms are usually much worse in the morn- 
ing, after the patient first gets out of bed, and quickly improve after the 
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subject continues to maintain the erect state. At times during the day an 
abnormal Flack reaction may be the only indication that the patient has 
a potential defect of venous return. In this group of persons the failure 
of venous return is not as a rule as severe as that encountered in Group 
2, in which the failure is demonstrated consistently. Usually, no objec- 
tive evidence of organic dysfunction of the autonomic nervous system 
can be demonstrated. The circulatory failure encountered in this in- 
consistent group appears to be associated with undue shifts of blood 
volumes and extracellular fluid gravitating to the lower extremities. 
The increased heart rates, low blood pressures, and abnormal Flack 
reactions ean be abolished by the assumption of the recumbent position 
or by the application of tourniquets around the thighs. It has been our 
experience that the loss of volume of circulating blood through abdomi- 
nal pooling appears to be a minor and relatively unimportant factor as 
compared with the loss related to the lower extremities. 

A normal man may exhibit, at times, the signs and symptoms of fail- 
ure of venous return. The margin between adequacy and incompetence 
is so narrow that, when a man stands erect without moving, he hovers 
on the verge of circulatory collapse.* Such failure may be precipitated 
by a variety of factors: exposure to heat, loss of blood, poor tone of 
striated muscle, psychic trauma, or the maintenanee of a recumbent 
state for long periods. The effect of heat and the results of loss of 
blood and fluid have been the subject of many investigations, and it is 
not our purpose to review the venous return aspects of these disorders. 
Rather, we should like to emphasize the role of certain factors which 
appear to have been neglected. 

Prolonged recumbeney: In normal man there are functional dis- 
turbanees of venous return which seem related solely to failure of the 
circulation to adapt quickly to the erect posture after the subject has 
been recumbent for a prolonged period. It is an everyday hospital 
experience to witness the rapid heart rates and low blood pressures of 
patients who are allowed to stand for the first time after protracted 
rest in bed. It is apparent that these patients have lost a measure of 
postural vascular stability, a loss which is expressed in their inability 
to stand without signs or symptoms. This maladaptation is functional, 
in that it is reversible. If such a patient continues to stand erect for 
longer and longer periods each day, vascular stability is regained. 
Through repeated exposures to gravitational pull, the body conditions 
itself to resist the effects of gravity entailed by the erect state. Any 
sudden increase of the resistance to venous return, such as is caused by 
the Flack test, may precipitate acute and sudden failure. 

Case 1.—An athlete, aged 17 years, was studied carefully in regard 
to heart rate, blood pressure, and Flack tests, for a week prior to an en- 
foreed period of rest in bed. No vascular abnormalities could be dis- 
covered. After four days of absolute rest in bed, he stood erect and the 
studies were repeated. No abnormal changes in heart rate and blood 


148 AMERICAN HEART JOURNAL 


pressure could be detected, but the Flack reaction was grossly abnormal. 
The pulse disappeared within the first few seconds of the blowing, and, 
at the expiration of the period, the subject developed syncope (Figs. 
1 and 2). 

Pregnancy: Orthostatic hypotensive tendencies, orthostatic tachy- 
cardia, and positive Flack reaction are observed commonly during and 
after pregnancy. The first three months of pregnaney are associated 
frequently with vomiting in the early part of the morning, and, in ad- 
dition, with the signs and symptoms of orthostatic failure of venous 
return. There would appear to be a more than casual relation between 
the vomiting and the failure of venous return. Both have postural 
features, show morning exacerbation, and frequently undergo spontane- 
ous remission during the course of the later months of pregnaney. After 
parturition, postural defects of venous return are observed frequently 


during eonvaleseence. 


| 


RECUMBENT NORMAL ERECT 


Fig. 1.—Recordings of volume of pulse by means of the finger plethysmograph 
(upper lines) and intrathoracic pressure (lower lines) during the Flack test before 
a period of rest in bed (control). During this control period the subject repeatedly 
did not exhibit any striking change in the radial or peripheral pulse while he was 
blowing in the recumbent and erect postures. 


Case 2.—A normal woman, aged 32 years, was studied in regard to 
potentials of venous return throughout pregnancy. During the first 
three months of pregnancy she occasionally experienced nausea and 
vomiting in the early part of the morning. These symptoms occurred 
during the first half hour after arising in the morning, and were asso- 
ciated invariably with orthostatic tachyeardia; the pulse rate varied 


| 
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from 130 to 140 beats per minute. The Flack reaction was markedly 
positive. The heart rate and the Flack reaction immediately returned to 
normal in the recumbent state. From the fourth month to term, the 
gastrointestinal symptoms disappeared, no orthostatic vascular abnor- 
malities could be detected, and the Flack reaction was normal. After 
an uneventful labor, orthostatic vascular studies were conducted during 
convalescence. When the patient first assumed the ereet posture on the 
tenth day of convalescence, no abnormalities of heart rate or blood pres- 
sure could be detected for the first four minutes. During this period the 
Flack test was tried; the patient attempted to blow the column of mer- 
eury to a height of 40 mm. Her radial pulse disappeared during the 


| 


i | | | } 


FLACK TEST 
ORTHOSTATIC TACHYCARDIA ERECT 


2 plethysmograph 
(upper lines) and intrathoracic pressure (lower lines) during the Flack test after 
a four-day period of absolute rest in bed. In the erect posture the radial and 
peripheral pulse disappeared during the first few seconds of the blow, The patient 
fainted at the expiration of the test. 


Fig. 2.—Recordings of volume of pulse by means of the finger 


first few seconds of the blow, which she was able to maintain for only 
eight seconds before developing syncope. After repeated examinations 
it was discovered that, during the first forty-eight hours of being released 
from absolute rest in bed, orthostatic tachyeardia and marked changes 
of pulse pressure would develop at the end of a four-minute period of 
standing. The Flack reaction was consistently positive. These abnor- 
malities gradually disappeared during the following fourteen days. At 
any period, when tourniquets were placed around the patient’s thighs in 
the recumbent state, after which she was allowed to stand, the heart rate, 
blood pressure, and Flack reactions were normal. Abdominal compres- 
sion did not have any effect on the failure of venous return (Fig. 3). 


| | 


| f | | 
| 


150 AMERICAN HEART JOURNAL 


Psychie factors: It is well known that the autonomic nervous system 
plays a definite role in the maintenance of arteriolar tone. Attention 
has been focused almost exclusively on the nervous influences on the 
arterial side of the vascular tree, and the role of the autonomic nervous 
system in the maintenance of capillary-venous tone has been neglected. 
The work of Weiss, and others,*}*® in regard to the venous effects of 
shock induced by the administration of sodium nitrite, and our own 
experience with the gross defects of venous return after sympathec- 
tomy for essential hypertension called our attention to the faet that 
emotional circulatory disturbances might be related to disorders of the 
autonomie regulation of capillary venous return. Psychic syncope 
(fainting) seems to be one such disorder, in that it is postural and that 


the cerebral ischemia can be prevented by the recumbent state. 


Fig. 3.—Volume of pulse of a pregnant woman recorded by means of the finger 
plethysmograph (upper lines) and intrathoracic pressure (lower lines) during the 
Flack test with subject in erect position. a, Control period at the sixth month of 
pregnancy; b, on first standing erect on the tenth post-partum day. The radial pulse 
disappeared and the patient fainted after eight seconds of increased intrathoracic 
pressure. 


We have had the opportunity of measuring potentials of venous re- 
turn by the Flack test in a group of 100 normal subjects who were 
awaiting venipuncture. Four subjects, at the end of one minute of 
standing, had heart rates of more than 120 beats per minute and posi- 
tive Flack reactions. Tmmediately prior to venipuncture the tachy- 
cardia was orthostatic. Two subjeets who had normal heart rates and 
blood pressures also had positive Flack reactions. During venipune- 
ture, which was done with the subject in the ereet posture, two sub- 
jeets fainted: one who had orthostatic tachycardia and a_ positive 
Flack reaction, and one who had no tachyeardia but a definite Flack 


| 
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reaction. The remainder of the group did not have any untoward 
symptoms. The two patients who fainted recovered consciousness 
immediately on being placed in the recumbent position, but suffered 
repeated, partial, syneopal seizures when they attempted to rise during 
the first five minutes after the faint. One hour later, the standing 
‘ates fell within normal limits, but the Flack reaction remained 


heart 
Obvi- 


positive during a period of forty-eight hours of observation. 
ously, gravity played a major role in the syneopal attacks of these two 
subjects, which were precipitated by a psychic stimulus. 

Constitutional inferiority of venous return: Many patients who have 
defects of venous return fall into this classification. Frequently they 
are said to have neurocirculatory asthenia. Recognition of the essen- 
tial nature of the disorder is uncommon. The signs and symptoms are 
orthostatic, and are characteristic of orthostatic failure of return of 
adequate amounts of venous blood to the heart. Frequently the sub- 
jects are tall, thin, and asthenic, or have suffered protracted loss of 
weight. The history is commonly that of exhaustion, weakness, faint- 
ness, and, occasionally, syncope in the erect posture, with relief in the 
reeumbent position. Such patients are more likely than ‘‘normal’’ 
men and women to suffer debilities after long rest in bed or dehydra- 
tion from heat, or subsequent to the use of alcohol or catharties; the 
loss of tone of striated muscle results from lack of exercise, or from 
the psychic traumas of life. Orthostatic tachycardia and hypotension 
usually will be found only if such a person is examined when he is 
having symptoms. Blood pressures and heart rates must be taken in 
the erect posture and compared with those in the recumbent position. 
If the abnormalities are significant, and if the patient has a positive 
standing Flack reaction, deficiency of venous return is present. 

Such patients frequently have psychoneuroses of varying degree. 
Anxiety states, associated with hyperventilation syndromes, are c¢om- 
mon. It has been suggested that the trigger which sets off such at- 
tacks of overbreathing may be traced frequently to a shift in the 
volume of circulating blood that is directly referable to defects of 
venous return. The anxiety experienced by these persons and the 
inability of their physicians to understand and explain their difficulties 
to them in a plausible manner result frequently in the establishment 
of a vicious circle of symptoms. It is often very difficult to ascertain 
whether psychoneurosis is the primary difficulty and the defect of 
venous return is the result of secondary inactivity and rest in bed, or 
whether the defect of venous return has resulted in psychoneurotic 
manifestations. 

Remote disturbances of function, with venous return components: 
Abnormalities of potential of venous return can be measured by stand- 
ing heart rates, blood pressures, and Flack tests in a variety of syn- 
dromes not usually associated with venous components. 
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Calorie and rotational stimulation of the vestibules of normal per- 
sons, varieties of seasickness and airsickness, the symptoms of which 
are postural, undue exposure to heat, abnormal loss of body fluid, and 
primary shock, with its nervous basis of pain and psychie factors, may 
bring out detects of venous return of varying degree which frequently 
play major roles in the total functional disability. In these conditions, 
the assumption of the erect posture may precipitate failure of venous 
return which is masked by the recumbent state. 

Defects of venous return associated with organic disease: Poor mech- 
anisms of venous return are associated frequently with debilitating 
diseases and with the convalescence of patients who have been bed- 
ridden for prolonged periods. In most instances the inconsistent na- 
ture of the orthostatic signs and symptoms suggests physiologic dis- 
turbances of a transient and secondary character which may include 
loss of tone of striated musele of the lower extremities, changes of 
water balance, abnormal shifts of extracellular fluid, and other, little 
understood, secondary results of debility. On the other hand, some 
disease entities may be associated from the onset with severe, constant 
defects of venous return, usually accompanied by objective evidence 
of disorders of the autonomie nervous system which suggest a primary 
relation between the disease and the orthostatic defect of venous re- 
turn. Examples of this latter group will be included in Group 2. 

It is of interest that the presence of severe hypertension is compat- 
ible with abnormalities of venous return. Occasionally, large redue- 
tions of blood pressure, of more than 100 mm. Hg, are observed when 
a patient who has hypertension first stands erect after a period of rest 
in bed. Such changes of blood pressure are, as a rule, transient, last- 
ing only a few seconds, but during this period the Flack reaction may 
be markedly positive, and returns to normal only when previous levels 
of blood pressure are established. Such transient reductions of blood 
pressure may explain the frequeney of periods of uneonsciousness 
which occur immediately after patients arise from bed, or when intra- 
thoracie pressure is increased by straining at stool. A few seconds of 
diminished eardiae output in the presence of arterial hypertension may 
provoke gross vascular insults, resulting in ischemic syneope, cerebral 
thrombosis, or ischemie myoeardial damage. 

In summary, many syndromes present transient, inconsistent abnor- 
malities of venous return, with remissions and exacerbations which 
‘annot be controlled or foreseen adequately. It has been our experi- 
ence that investigation of such eases in regard to eausative factors, 
contributing disabilities, and the results of treatment cannot be con- 
ducted in a satisfactory manner, although insight may be gained into 
the nature of the disability. It is only when the venous return con- 
sistently fails in the erect posture that objective studies of an experi- 
mental nature may be conducted with profit. 


MAC LEAN ET AL.: ORTHOSTATIC DEFECTS OF VENOUS RETURN 153 


Group 2. Consistent Orthostatic Failure of Venous Return.—Subjects 
in this classification consistently have severe orthostatic hypotension. 
Objective evidences of disorders of the autonomic nervous system are 
common: loss of sweating over large areas of the body surface, asso- 
ciated with intolerance io heat, frequent absence of compensatory re- 
flex tachyeardia, and impotence. Symptoms related to the deficit of 
venous return result from the erect posture only, and are relieved by 
recumbeney or by removing the legs from the general circulation by 
means of tourniquets. The Flack reaction is invariably positive and 
dramatic, and frequently a deep inspiration will cause the peripheral 
pulse to disappear. The signs and symptoms show classical exacerba- 
tion in the morning, which is related to rest in bed. Remissions are 
rare. 

In our experience the syndrome has affected patients who are suf- 
fering from tabes dorsalis, diabetic neuritis, the combined sclerosis of 
pernicious anemia, exophthalmie goiter, diabetes insipidus, dissemi- 
nated sclerosis, hypopituitarism with chromophobe adenoma, and sprue. 
To this group belong those patients who suffer from idiopathic ortho- 
static hypotension for which no causative disease entity can be estab- 
lished. In addition, we believe that patients who have undergone ex- 
tensive sympathectomy for hypertension may be classified as having 
a consistent orthostatic defect of venous return for a variable period 
after operation. 

It is among this group of patients who have a consistent disorder 
that objective studies can be made which give insight into the whole 
problem of venous return. The results of such studies can be applied 
with advantage to normal subjects under vaseular investigation and 
to patients who have inconsistent defects of venous return. 

Such studies require careful controls, for wide variations of blood 
pressure, heart rate, and symptoms may occur. Defects of venous 
return in the erect posture are increased invariably by rest in bed, 
and, conversely, are improved after the patient has maintained the 
erect posture for a number of hours. The blood volume is also influ- 
enced by the maintenance of a fixed position of the body, and the 
hematocrit value may change. The external temperature, the hydra- 
tion of the body, and the intervals between feedings should be constant 
if accurate determinations are to be made. 

We are presenting a clinical study of observations under such con- 
trolled conditions on two patients who had marked, consistent defects 
of venous return, demonstrating the effect of a postural state on the 
potential of venous return and on the circulating blood volume, and 
also suggestive indications that an increased intake of sodium chloride 
may aid in the maintenance of postural vascular stability. 

Both patients had disorders of the autonomic nervous system, in 
that there were absence of sweating and intolerance to heat. Both had 
relative hypochromie anemia, and their disorder of venous return was 
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of long standing. Both responded dramatically and consistently to a 
regimen of the ‘‘head-up’’ bed and inereased intake of salt, and this 
improvement was reversible at the will of the examiner. In neither 
case do we suggest that we have established a cure. The treatment 


has been symptomatie. 


Case 3.—A farmer, aged 57 vears, was seen first at the Mayo Clinic 
on Aug. 10, 1940, complaining of exhaustion, faintness, blurring of 
vision, and occasional syncope. These symptoms had been present 
since 1933, and had progressed to the point that he was unable to do 
his farm work. Syncopal attacks were precipitated by sudden change 
of posture and by lifting heavy objects. He had reeeived several intra- 
muscular injections of liver extract for his anemia, without benefit. 
On being questioned, the patient stated that his symptoms were always 
much worse in the morning, and that he improved progressively as the 
day advaneed. 

General physical examination did not reveal any abnormalities perti- 
nent to his complaints, with the exception of mild hypochromie anemia, 
which was confirmed by examination of a blood smear. The concen- 
tration of hemoglobin was 12 Gm. per 100 ¢.c. of blood; the erythro- 
cytes numbered 4,580,000, and the leucoeytes, 5,000, in each eubie milli- 
meter of blood. Free hydrochlorie acid was obtained on analysis of 
gastric contents. The flocculation reaction for syphilis and roentgeno- 
grams of the chest and gastrointestinal traet were normal. No cause 
for the hypochromie anemia could be discovered. Postural vascular 
studies were found to give abnormal results, and the patient was hos- 
pitalized for detailed investigation. Rest in bed was allowed only 
during a period of nine hours at night. An ordinary diet, with 1,500 
¢.e. of fluid in twenty-four hours, was given. 

Spontaneous variations of postural vascular adaptation: During a 
period of three days, observations on postural blood pressure and heart 
rate were conducted at various times during the day, and a definite 
variation of objective findings was found to coincide with alterations 
of symptoms. If the study was made before the patient had arisen in 
the morning, a marked defect ot venous return was very apparent. 
When the patient was recumbent, his blood pressure was 130/80, and 
his heart rate, 84. When he had been erect for one minute his systolic 
blood pressure had decreased to 50 mm, Hg, his diastolic blood pres- 
sure could not be measured, and his heart rate had increased to 126. 
After three minutes in the erect position neither his blood pressure nor 
his heart rate eould be measured and he was retching and semiconscious. 

The Flack test, conducted with the patient erect, gave markedly 
positive results. On three separate occasions the patient became pulse- 
less and fell to the floor unconscious within ten seeonds of initiating 
an attempt to blow the column of mercury to a height of 30 mm. On 
one oceasion convulsive twitchings occurred momentarily during the 
brief period of unconsciousness. lf tourniquets were applied around 
the upper part of the thigh and constricted above the arterial blood 
pressure, and then the patient was allowed to stand erect, no fall in 
blood pressure occurred within a three-minute period, and the Flack 
reaction was normal. 

If vascular studies were conducted in the afternoon, after the pa- 
tient had been up and about, a definite change of postural vascular 
stability was evident. When he was recumbent, his blood pressure 
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averaged 142/72, and his heart rate, 62. When he had been erect for 
one minute, his blood pressure was 90/80, and his heart rate, 104. 
After three minutes in the erect position his blood pressure was 80/60, 
and his heart rate, 110. After ten seconds of standing running, his 
blood pressure was 66/38, and his heart rate, 110. During these periods 
the Flack reaction was positive. The patient would become pulseless 
when he tried to blow the column of mereury to a height of 30 mm., 
but would not develop syncope. 

Sweating defects indicative of dystunction of the autonomic nervous 
system were demonstrated over large areas of the trunk and lower 
extremities. The patient exhibited intolerance to heat. When he was 
placed in a hip bath in a sitting posture with the water at 108° F., the 
blood pressure fell within five minutes from 110/70 to 60/40. In twenty 
minutes the pulse and blood pressure were imperceptible, and the pa- 
tient lapsed into syncope when taken from the bath. The blood pres- 
sure remained low for an hour, during which time the patient was un- 
able to stand for longer than a minute without developing syneope. 


Fig. 4.—The “head-up” bed. The casters of the bed are removed and the posts 
of the head of the bed are placed on ordinary kitchen chairs, 16 to 18 inches (40 to 
15 cm.) high. A hard pillow is placed under the mattress at the level of the thighs 
to prevent slipping. The head of the patient is elevated and the legs are dependent. 


Effect of the ‘‘head-up’”’ bed: The patient was then placed on a bed 
(Fig. 4), the head of which was elevated on two chairs to the height 
of approximately 16 inches (40 em.). A pillow was placed under the 
mattress at the level of the thighs to prevent slipping. No other fea- 
tures of his care were altered. His fluid intake remained constant, and 
his period in bed was maintained at nine hours during the night. Strik- 
ing improvement in the standing heart rate and blood pressure, and les- 
sening of symptoms occurred within forty-eight hours. The following 
observations were conducted before the patient arose in the morning. 
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When he was recumbent, his blood pressure was 140/90, and his pulse 
rate, 74. After one minute in the erect position his blood pressure was 
90/70, and his pulse rate, 118. After three minutes in the erect position 
his blood pressure and pulse rate were the same as after one minute. 
After five minutes his blood pressure was 90/72, and his pulse rate, 
116. After ten minutes his blood pressure was 80/60, and his pulse 
rate, 114. 

Effect of the ‘‘head-up’’ bed and inereased intake of salt: The day 
after the foregoing observations, the patient, besides sleeping in the 
‘‘head-up’’ bed at night, was given 12 Gm. of salt daily in addition to 
his diet, and his water intake was increased to 2,000 e.c. The next 
morning there was a distinet improvement in excess of that which oe- 
eurred when he was using the ‘‘head-up’’ bed alone. This improve- 
ment was maintained for two days. The patient did not have any 
orthostatic symptoms during this forty-eight hour period, for which 
the average morning determinations were as follows: When he was 
recumbent, his blood pressure was 134/80, and his pulse rate, 72. After 
one minute in the erect position his blood pressure was 100/70, and 
his pulse rate, 80. After five minutes his blood pressure was 105/70, 
and his pulse rate, 86. After ten minutes his blood pressure was 100/72, 
and his pulse rate, 90. After fifteen minutes his blood pressure was 
98/70, and his pulse rate, 104. 

Effect of a flat bed with increased intake of salt: The intake of salt 
was maintained at 12 Gm. extra, daily, but the patient was allowed to 
sleep on a flat bed during a nine-hour period at night. The following 
morning there was a distinet change in both signs and symptoms when 
the patient first rose. When he was recumbent, his blood pressure was 
130/70, and his pulse rate, 68. After one minute in the erect position 
his blood pressure was 65/55, and his pulse rate, 100. After three 
minutes his blood pressure was 80/60, and his pulse rate, 106. After 
five minutes his blood pressure was 60/40, his pulse rate was 114, and 
he felt faint. 

When the patient was maintained on this regimen for two days there 
was no further significant change. The patient remained somewhat 
better with the increased intake of salt and the dat bed, but the im- 
provement was not nearly as marked as on the combined regimen of 
increased intake of salt and the ‘‘head-up”’ bed. 

Flat bed and normal intake of salt: The extra intake of salt was 
discontinued and the patient slept on a flat bed. Within forty-eight 
hours there was an increase in the signs and symptoms of failure of 
venous return, as indicated by the following studies, which were con- 
ducted before the patient arose from bed in the morning. When he 
was recumbent, his blood pressure was 138/80, and his pulse rate, 68. 
After one minute in the erect position, his systolic blood pressure was 
50 mm. Hg, his diastolic blood pressure could not be measured, and his 
pulse rate was 126. After three minutes his blood pressure was not 
obtained; his pulse rate was 134. After five minutes his blood pres- 
sure was 58/50, and his pulse rate, 140; syncope occurred after this 
last reading. 

The patient was then placed on a combined regimen of increased 
intake of salt of 6 Gm. daily in divided doses, and, in addition, the 
‘‘head-up’’ bed at night. Within twelve hours there was again a 
dramatic improvement. The blood pressure approached normal limits 
in the erect posture and remained so. One month after dismissal the 
patient was requested by letter to try sleeping again on a flat bed, 
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and he reported that in twelve hours there was a return of all his 
symptoms. A letter received six menths after his return home on a 
regimen of the ‘‘head-up’’ bed and increased intake of sodium chloride 
follows. 

‘*Sinee returning home I have felt fine all the time with the excep- 
tion of the first week. I have been able to do all the chores all the 
time and get along nicely provided I do not lift too hard or hurry too 
much. I feel reasonably sure that the ‘head-up’ bed has done wonders 
for me. I have gained 20 pounds [9.1 kg.], 10 pounds [4.5 kg.| more 
than I ever weighed in all my life.’’ It seems probable that the in- 
creased intake of salt was also a factor in his gain of weight. 


Comment on Case 3: Under controlled conditions this patient showed 
the effect of a preceding postural state on the heart rate, blood pres- 
sure, and symptoms. With the use of the ‘‘head-up’”’ bed at night, 
on a regimen of increased intake of sodium ehloride, striking, rever- 
sible improvement occurred repeatedly. The inereased intake of so- 
dium chloride was not of much practical avail as long as the patient 
slept on a flat bed. The ‘‘head-up’’ bed at night increased postural 
vascular stability to a definite degree, but the improvement was not 
as marked as with the combined use of the ‘‘head-up’’ bed and salt. 
On this regimen the patient showed improvement which was main- 
tained consistently for six months. The treatment was symptomatic. 
No organic cause could be discovered to account for the defect of 
venous return, aside from the dysfunction of the autonomie nervous 
system, as demonstrated by the defects of sweating. 


Casr 4.—A department store serviceman, aged 35 years, was seen first 
at the clinie in June, 1941, complaining of progressive fatigue, inability 
to concentrate, decreased ability to work, and decreased libido, since 
1935. In 1938 he had noted frequent headaches in the early morning, 
which were relieved by salicylates. The patient had experienced fre- 
quent attacks of faintness since the age of 16 vears, associated with weak- 
ness and blurred vision, and relieved on the assumption of the recumbent 
position. These attacks had increased in frequency in the preceding 
year and were associated occasionally with momentary unconsciousness. 

General physical examination revealed a man whose physical appear- 
ance suggested that he was suffering from hypopituitarism. He was of 
asthenie build, with soft, finely wrinkled skin. His face was pale and 
the growth of his beard was scanty. Growth of axillary and pubie hair 
was normal. The concentration of hemoglobin was 11.6 Gm. per 100 ¢.c. 
of blood; the erythroeytes numbered 4,210,000, and the leucocytes, 
11,160, in each eubie millimeter of blood. Urinalysis, flocculation tests 
for syphilis, and roentgenograms of the chest, kidneys, ureters and blad- 
der, and gallbladder gave normal results. The fasting concentration of 
sugar was 87 meg. in 100 ¢.c. of blood, and the basal metabolie rate was 
-5 per cent. A roentgenogram of the head revealed a Grade 2 enlarge- 
ment of the sella turecica. There was a suggestion of erosion of the floor 
and posterior clinoid processes. <A detailed examination of the eyes 
revealed 6/6 vision bilaterally. The fundi were negative. The optic 
disks were outlined clearly and of good color. Examination of the visual 
fields on the perimeter and tangent screen revealed a bitemporal depres- 
sion which could be demonstrated only with the 1/1,000 bead. Neuro- 
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logie examination gave essentially negative results in the motor, sensory, 
and reflex fields. 

A diagnosis of pituitary tumor, probably chromophobe adenoma, was 
made. Beeause of the minimal ocuiar changes, the protracted history, 
and the limited progression of symptoms, a course of roentgen therapy 
was advised, followed by a detailed re-examination several months later 
to ascertain whether any progression was evident. 

The patient returned in August, after two courses of roentgen treat- 
ment had been given to the head. He had lost mueh ground in the 
interim, was much weaker and unable to work. The symptoms of ex- 
haustion were very severe in the morning hours, and syncope was fre- 
quent. The coneentration of hemoglobin was 10.6 Gm. per 100 ¢.c.; the 
erythrocytes numbered 3,540,000 in each cubie millimeter of blood. The 
basal metabolic rate was —S per cent. Roentgenograms of the head and 
examination of the visual fields did not reveal any changes. It was 
evident on this examination that the patient’s symptoms were out of all 
proportion to the physieal signs, and heeause of the prominence of 
syneopal attacks, controlled studics were made of the heart rate and 
blood pressure. Orthostatic tachyveardia and hypotension were evident 
and dramatic. 

Each of the following studies was made under identieal conditions, in 
the morning before the patient arose after nine hours of rest in bed. The 
patient received a standard diet and a controlled intake of water. The 
observations were made before breakfast. He was out of bed and active 
during the day. The average values obtained during a control study, 
lasting three days, were as follows: When the patient was recumbent, 
his blood pressure was 100/62, and his pulse rate, 92. After one minute 
in the erect position his blood pressure was 80/60, and his pulse rate, 156. 
After five minutes neither his blood pressure nor his pulse rate could be 
obtained, and he fainted. The Flack reaction was repeatedly positive. 
When performing the standing 30 mm. blow, the patient beeame pulse- 
less and developed syneope within a ten-second period. In the reeumbent 
state the patient could maintain the mereury at the 40 mm. mark for 
ten seconds without symptoms. 

Orthostatie studies with the legs removed from the general circulation : 
With the patient recumbent, blood pressure cuffs were placed high up 
on the thigh of each leg and inflated to a pressure of 220 mm. Hg. The 
patient was then allowed to stand erect. When he was recumbent, his 
blood pressure was 98/60, and his heart rate, 86. After one minute in 
the erect position his blood pressure was 90/76, and his heart rate, 100. 
After five minutes his blood pressure was 96/80, and his heart rate, 100. 

The cuffs were then released. Immediately the systolic blood pressure 
decreased to 50 mm. Hg, the diastolic pressure could not be measured, 
and, within thirty seconds, the patient fell unconscious. During the 
period of inflation of the cuffs, the patient was able to maintain the mer- 
cury at the 40 mm. mark while performing the Flack test standing, 
with no symptoms. 

The effects of paredrinol sulfate and ephedrine sulfate by mouth: After 
the oral administration of 40 mg. of paredrinol sulfate (a-N-dimethyl- 
p-hydroxyphenethylamine sulfate), measurements of the blood pressure 
were made every fifteen minutes for an hour, and then every half hour 
for another hour. No distinet changes were noted. One and a half 
hours after he took the drug, the following studies were made. When 
the patient was recumbent, his blood pressure was 94/64, and his heart 
rate, 80. After one minute in the erect position his blood pressure was 
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68/54, and his heart rate, 182. After three minutes his blood pressure 
was 56/46, and his heart rate, 136. 

Twenty-five minutes after the oral administration of 34 grain (0.05 
Gm.) of ephedrine sulfate, the following record was obtained. When 
the patient was recumbent, his blood pressure was 100/64, and his 
heart rate, 72. After one minute in the ereet position his blood pres- 
sure was 76/58, and his heart rate, 96. After five minutes his blood 
pressure was 82/58, and his heart rate, 124. After seven minutes his 
blood pressure was 86/62, and his heart rate, 116. After ten minutes 
his blood pressure was 84/58, and his heart rate, 120. 

This very definite improvement lasted for two hours, and the patient 
was able to stand quite well for periods of ten minutes without the 
signs or symptoms of impending syneope. The patient then reverted 
to his previous state. Additional studies after the oral administration 
of 0.75 Gm. of guanidine sulfate and the subeutaneous injection of 
prostigmine sulfate did not show any significant change in postural 
vaseular stability. 

Effect of the ‘‘head-up’’ bed: The head of the bed on which the 
patient slept at night was elevated io a height of 16 inches (40 em.). 
No other factor in his management was changed. Studies of the blood 
pressure and heart rate were conducted at the same time as on previous 
oceasions, before the patient rose in the morning. <A very distinct 
change became evident overnight. On the first day, when the patient 
was recumbent, his blood pressure was 100/64, and his heart rate, 84. 
After one minute in the erect position his blood pressure was 92/64, 
and his heart rate, 108. After five minutes his blood pressure was 
92/68, and his heart rate, 116. After ten minutes his blood pressure 
was 84/66, and his heart rate, 128. After eleven minutes his blood 
pressure was 64/50, his heart rate was 112, and he was experiencing 
the prodromal symptoms of syncope. 

On the second day, when the patient was recumbent his blood pres- 
sure was 102/70, and his heart rate, 62. After one minute in the erect 
position his blood pressure was 84/70, and his heart rate, 88. After 
five minutes his blood pressure was 88/68, and his heart rate, 94. After 
ten minutes his blood pressure was 80/68, and his heart rate, 108. 
After fifteen minutes his blood pressure was 74/64, and his heart 
rate, 120. 

On the third day, when the patient was recumbent his blood pressure 
was 104/64, and his heart rate, 68. After one minute in the erect 
position his blood pressure was 84/64, and his heart rate, 88. After 
five minutes his blood pressure was 84/70, and his heart rate, 106. 
After ten minutes his blood pressure was 82/68, and his heart rate, 96. 
After fifteen minutes his blood pressure was 84/66, and his heart rate, 
106. After twenty minutes his blood pressure was 86/66, and his heart 
rate, 104. After twenty-five minutes his blood pressure was 62/48, his 
heart rate was 120, and he was feeling faint. 

During the third and fourth days the patient had very little feeling 
of exhaustion, and stated that he felt better than at any time in the 
previous five years. 

Effect after sleeping on a flat bed: To ascertain whether or not the 
improvement had been a mere coincidence, the patient was again placed 
on a flat bed at night. Nothing else was changed in his management. 
The following morning the patient had reverted to the same state as 
before treatment was initiated. When he was recumbent, his blood 
pressure was 94/74, and his heart rate, 82. After one minute in the 
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erect position his blood pressure was 74/64, and his heart rate, 120. 
After three minutes his systolic blood pressure was 50 mm. Hg, his 
diastolic blood pressure could not be measured, his heart rate was 150, 
and he fainted. 

Effect of ‘‘head-up’’ bed and increased intake of salt: The patient 
then slept on the ‘‘head-up”’ bed at night and was given 9 Gm. of salt 
daily in addition to his diet. Within twenty-four hours he could stand 
erect for twenty minutes without syneope. When he was recumbent, 
his blood pressure was 110/68, and his heart rate, 82. After one minute 
in the erect position his blood pressure was 110/62, and his heart rate, 
102. After five minutes his blood pressure was 98/66, and his heart 
rate, 112. After fifteen minutes his blood pressure was 88/64, and his 
heart rate, 112. After twenty minutes his blood pressure was 80/60, 
and his heart rate, 120. After twenty-five minutes his blood pressure 
was 60/30, his heart rate was 124, and he felt faint. 

Effect of increased intake of salt and administration of desoxyecortic- 
osterone acetate, with the patient sleeping in a horizontal position: 
Immediately after the foregoing study, the inereased intake of salt 
was maintained, but the patient was allowed to sleep on a flat bed at 
night. In addition, intramuscular injections of 5 mg. of desoxyeorticos- 
terone acetate were given daily. As a result of the cessation of sleep- 
ing in the ‘‘head-up’’ bed, in spite of the foregoing measures, a distinct 
change was noted the following morning. When the patient was re- 
cumbent, his blood pressure was 110/64, and his heart rate, 86. After 
one minute in the erect position his blood pressure was 86/68, and his 
heart rate, 116. After five minutes his blood pressure was 84/58, and 
his heart rate, 130. After nine minutes his blood pressure was 64/50, 
his heart rate was 120, and he felt very faint. 

On the third day the inereased intake of salt and the injections of 
desoxycorticosterone acetate were continued. The patient continued to 
sleep on a flat bed . On this day an oral temperature of 101° F. de- 
veloped. When the patient was recumbent, his blood pressure was 
112/62, and his heart rate, 88. After one minute in the erect position 
his blood pressure was 98/78, and his heart rate, 120. After three 
minutes his blood pressure was 65/38, his heart rate was 124, and he 
fainted. 

On the fourth day the patient’s temperature was normal. He ap- 
peared to have an infection of the upper part of the respiratory tract. 
Vascular stability was poor in spite of an apparent increase of blood 
volume and extracellular fluid. (This will be discussed later.) When 
he was recumbent, his blood pressure was 112/74, and his heart rate, 
72. After one minute in the erect position his blood pressure was 
88/58, and his heart rate, 102. After five minutes his blood pressure 
was 80/58, and his heart rate, 112. After six minutes his blood pres- 
sure was 45/24, his heart rate was 100, and he fainted. 

Because of the patient’s cough and feeling of malaise the study was 
terminated. Therefore, no definite conclusions were possible in regard 
to the effects of increased intake of salt and the administration of 
desoxyeorticosterone acetate, although the indications were that they 
had very little effect on postural vascular stability. The patient was 
dismissed with instructions to take 6 Gm. extra of salt daily, and to 
sleep in a ‘‘head-up’’ bed. He was told to return for further investiga- 
tion in three months. At the end of this time he had reported by letter 
that he had returned to work and was feeling better than he had felt 
in ten years. Further studies have been impossible. 


MAC LEAN ET AL.: ORTHOSTATIC DEFECTS OF VENOUS RETURN 161 


COMMENT ON A STUDY OF TWO CASES 


The foregoing clinical observations on these two patients and our 
previous studies of the syndromes of orthostatic hypotension and tachy- 
cardia associated with organic disease demonstrate several important 
principles: 

1. Orthostatic hypotension and tachyeardia are, in a secondary sense, 
disorders of venous return. The defect of venous return becomes evi- 
dent in a very short time after the erect posture is attained, and, con- 
versely, adequate circulation and a normal heart rate and blood pressure 
immediately follow the resumption of the reeumbent position. 

2. The site of this disorder appears to be the eapillary-venous bed of 
the lower extremities, for the orthostatic symptoms and signs and posi- 
tive Flack reactions are abolished when the lower extremities are sepa- 
rated from the general circulation by cuffs inflated about the thighs. 

3. The cireulatory defect caused by inadequate venous return in the 
erect state is either a direct result of pooling of abnormal quantities 
of blood in the lower extremities, or a result of a very rapid transu- 
dation of circulating fluid into the tissues of the lower extremities. 
The rapidity of the onset of the deficiency when the upright position is 
assumed, and the instantaneous recovery in the recumbent state sug- 
gest strongly that the defect is the result of pooling of blood in the 
capillary-venous bed itself. 

4. It is apparent from our studies that the variations of potential of 
venous return occur in normal subjects and in patients who are suffer- 
ing from a variety of disorders. <A persistently maintained recumbent 
state enhances defects of venous return when the erect posture is as- 
sumed again. A persistently maintained, erect or semierect posture 
definitely lessens orthostatic changes in pulse rate and blood pressure, 
and inereases postural vascular stability. This improvement in vascular 
adaptation depends on physiologic factors which are little understood. 

5. It would appear that part of the postural vascular adaptation 
depends on physical mechanisms which are related to shifts of extra- 
cellular fluid and changes of blood volume. 

Maintenance of the erect or semierect position favors the accumula- 
tion of additional extracellular fluid in the legs. We have observed 
frequently among patients who have been treated on the ‘‘head-up”’ 
bed that the appearance of early edema of the lower extremities coin- 
cides with lessening of the orthostatic signs and symptoms. This 
edema quickly disappears as the patients become more active. Such an 
increase of extravascular fluid might well act as a splint of the eapil- 
lary-venous bed of the lower extremities, and prevent excess pooling 
of blood in the erect state. 

Maintenance of the erect or semierect position favors the accumula- 
tion of blood itself in the legs, and the volume of circulating blood in 
the upper portions of the body is to that extent reduced. This loss of 
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volume of circulating blood in the upper part of the body should stimu- 
late recovery mechanisms, as would an actual hemorrhage, by redue- 
tion of the capacity of the vascular bed by vasoconstriction, retention 
of body fluid, and interchange of fluid between tissues and vessels. 
If, through such recovery mechanisms, the volume of circulating blood 
in the upper part of the body approaches normal, then the assumption 
of the recumbent posture would gravitate additional volumes of blood 
into the circulation. This additional volume of blood could come from 
the vessels of the dependent portions of the body, or from the extra- 
cellular fluids accumulated there. 

Measurements* of blood volume on three patients who were suffering 
from defeets of venous return have suggested that maintenance of the 
‘*head-up’’ position results in an average increase of 500 ¢.c. of circulat- 
ing blood. Repeated studies on one patient in this report (Case 4) 
indicate that his improvement was associated with a similar increase 


in blood volume. 


CONTROL STUDIES OF BLOOD VOLUME IN CASE 4 


Before breakfast, after the patient had slept nine hours on a flat bed. 
the recumbent blood pressure was 100/62, and the heart rate, 92. The 
venous return in the erect posture was very poor, and the patient could 
not stand more than five minutes before syncope oceurred. The studies 
of blood volume were done with the patient recumbent, with the following 
results: His body weight was 86.2 kg.; the reading of the hematocrit 
was 35.5 per cent; the concentration of plasma chlorides was 99.3 milli- 
equivalents per liter of plasma; the concentration of protein was 6.40 
Gm. per 100 ¢.¢. of plasma; the volume of plasma was 3,326 ¢.c¢., or 38.6 
e.c. per kilogram of body weight; the volume of blood was 5,157 e.e., 
or 59.8 ee. per kilogram of body weight; and the extracellular fluid 
amounted to 21.3 liters, or 2.47 per cent of the body weight. 

Studies of Blood Volume After the Patient Had Slept in the ** Head- 
up’’ bed.—The patient then slept on the ‘‘head-up’’ bed for two nights. 
On the third day there was great improvement. The patient was able to 
stand for twenty minutes; his blood pressure at the end of this time was 
86/66, and his heart rate was 106. There was slight pitting edema of 
the lower extremities. The head of the bed was lowered, and studies of 
hlood volume with the patient in the recumbent position were made 
immediately. The body weight was 87.1 kg.; the reading of the hemat- 
ocrit was 34.8 per cent; the concentration of chlorides was 103.8 milli- 
equivalents per liter of plasma; the concentration of protein was 6.45 
Gm. per 100 ¢.¢. of plasma; the volume of plasma was 3,743 ¢.e¢., or 43.0 
cc. per kilogram of body weight; the volume of blood was 5,741 e.c.. 
or 65.8 ¢.e. per kilogram of body weight; and the extracellular fluid 
amounted to 22.2 liters, or 2.54 per cent of the body weight. 

These studies appear to demonstrate an increase in total blood vol- 
ume (about 600 ¢.¢.) and an inerease of the volume of extracellular 
fluid (about 900 ¢.c.) as a result of sleeping in the ‘‘head-up’’ position. 
Further studies are admittedly necessary, but have not been possible 
beeause of our entrance into military service. 


*The Evans blue technique was used for these measurements. The bromide tech- 
nique was used for studying the quantity of extracellular fluid. 
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CONCLUSIONS 


1. Orthostatie defects of venous return have been divided into two 
groups, namely, those in which orthostatic changes are inconsistent and 
are not associated in a primary sense with organic disease, and those 
in which orthostatic changes are consistent and are associated with 
organie changes. 

2. Two eases of organie orthostatic defects of venous return have been 
studied clinically with respect to the effect of preceding postural states 
and the intake of exeess amounts of sodium ehloride. The use of the 
‘*head-up’’ bed and extra salt appears to result in definite symptomatic 
and objective changes which are reversible. 

3. Studies suggest that the improvement resulting from the ‘‘head- 
up’’ bed and increased intake of salt corresponds to an increased volume 
of cireulating blood and an increase of the extracellular fluid of the 
lower extremities. 
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EKLECTROCARDIOGRAPHIC CHANGES (LOCAL VENTRICULAR 
ISCHEMIA AND INJURY) PRODUCED IN THE DOG BY 
TEMPORARY OCCLUSION OF A CORONARY ARTERY, 
SHOWING A NEW STAGE IN THE EVOLUTION 
OF MYOCARDIAL INFARCTION 


Ropert H. Baytey, M.D.,* Joun S. LaDue, M.D.,* anp 
DorotHy JoserH York, B.S.+ 
New ORLEANS, La. 


HE kind of abnormal T deflections that are ascribed to local pro- 

longation of the effective duration of the excited electrical state in 
cardiac muscle perifocal to an infaret,' or to peritocal ischemia of an in- 
faret,?>* has long been recognized‘ as the final stage of the temporary 
changes in the electrocardiographie evolution of myocardial infarction. 
Several years ago one of us (R. H. B.) coneluded from theoretical con- 
siderations that the same kind of T deflections should likewise introduce 
the electrocardiographie evolution of myocardial infarction. Several 
clinical experiences, one of which has been reported,’ have tended to 
confirm this opinion. Nevertheless, it is generally held that striking 
RS-T junction displacements introduce the electrocardiographie evolu- 
tion of myocardial The RS-T junction displacements 
have been ascribed to the fact that muscle at the periphery of the in- 
faret acts as if it were in the electrically injured state,® or to muscle 
throughout which there exists during diastole, and again during systole, 
a gradient in the intensity of subnormal polarization, and throughout 
which the polarity of subnormal polarization is reversed temporarily 
during systole.* Under the latter circumstances, in the absence of the 
introduction during diastole into the body-galvanometer circuit of a 
current to neutralize the flow of the current of injury, the effect on the 
completed record is a displacement of the RS-T junction and the di- 
astolie base line in opposite directions. The following is a preliminary 
report on the method devised to test the foregoing concepts and on the 


results obtained from its use. 


METHOD AND MATERIAL 


A moderately large dog (9 to 16 kilograms) is anesthetized by an 
intravenous injection of pentobarbital sodium (nembutal). The chest 
and left foreleg are shaved and the animal is placed in the right lateral 
position on the operating table. The right arm terminal of an Einthoven 
galvanometer is connected to the left foreleg through a nonpolarizable 


Presented at a New Orleans meeting of the American Federation for Clinical Re- 
search, April 28, 1943. 

Received for publication March 20, 1943. 

*From the Department of Medicine of the Louisiana State University School of 
Medicine, New Orleans. 

+From the Heart Station of the Charity Hospital of Louisiana at New Orleans. 


164 


BAYLEY ET AL.: NEW STAGE IN MYOCARDIAL INFARCTION 165 


electrode. The left arm terminal of the galvanometer is connected to the 
exploring electrode through a similar nonpolarizable boot. The animal 
is given air through a tracheal tube with a positive pressure respirator, 
and the pleural cavity is opened through a 6 em. incision at the level 
of the fourth or fifth intercostal space. The middle and lower lobes of 
the lung are retracted, exposing the left lateral aspect of the pericardial 
sac. <A pad of cotton, 2 to 3 em. in diameter, and moist with mammalian 
Ringer’s solution, is placed on the strictly anterior surface of the peri- 
cardial sae close to the apex of the left ventricle. A wick of cotton 
fibers, drawn from the margin of the pad and connected with the boot 
electrode which receives the left arm terminal of the galvanometer, 
serves as the exploring contact. A control curve is recorded. The 
pericardial sae is opened through a 1.5 to 2 em. incision in the region 
of the tip of the left auricular appendage. A small segment (3 to 6 
mm.) of the anterior descending branch of the left coronary artery is 
gently dissected. No blood is permitted to enter the pericardial sac. 
A No. 1 linen suture 20 em. long is passed under the artery without 
compressing the vessel, and its ends are loosely retained for subsequent 
closure of the artery. A second control curve is recorded and compared 
with the first control curve. If the control curves differ only in the form 
of the T deflection, the preparation is regarded as successful. A large, 
inverted T deflection in the first control is probably abnormal, and the 
preparation is likely to prove unsatisfactory. If the second control 
shows displacement of the RS-T junction in addition to an inverted T, 
the preparation is regarded as unsuccessful. At the present time we 
have experimented with five successful preparations (Dogs 1, 4, 7, 10, 
and 12). 

Each experiment consists of making a continuous recording before, 
during, and after complete, temporary occlusion of the dissected arterial 
segment produced by retraction of the suture. The duration of the oe- 
clusions has varied in different instances from 30 seconds to 30 minutes. 
We have been able to perform as many as five or six experiments on a 
single preparation. The hearts were later inspected and were found to 
be normal in appearance. 

RESULTS 

Two typical patterns were obtained in twenty-odd experiments. One, 
the positive T pattern, was yielded by dogs 1 and 10, whereas Dogs 4 and 
7 showed negative T patterns. In the former patterns the T deflections 
were positive in both controls. In the latter patterns, the T deflections 
were positive before, and negative after, arterial dissection (Fig. 1, a and 
b and Fig. 2, a and b). 

Within three to four seconds after occlusion commenced, the T deflec- 
tions which were positive before occlusion became sharply inverted, and 
reached maximal inversion in about 20 to 25 seconds (Fig. 1, c, d, and e). 
The T deflections which were inverted before occlusion became more 
deeply inverted, and reached maximal inversion in about 20 to 25 seconds 
(Fig. 2,c and d). These changes were followed by a progressive diminu- 
tion of amplitude of the T deflections. Concurrently, ‘the initial T seg- 
ments progressed into rounded upward movements (Figs. 1, f and 2, e). 
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In part coneurrent, and trailing, these changes, the RS-T junctions and 
the diastolic base line segments became progressively displaced in op- 
posite directions, the former upward and the latter downward. With 
clocklike precision, striking RS-T junction displacements and upward 
peaking of the T deflections had developed gradually by the end of one 
and one-half minutes after the onset of occlusion. In the majority of 


Fig. 1.—Selected recordings from a continuous curve taken before, during, and 
after a one and one-half minute occlusion of the anterior descending branch of the 
left coronary artery of Dog 1. The exploring electrode was on the strictly anterior 
aspect of the pericardial sac. Curves a and b are controls recorded before and after 
dissection of the artery. Occlusion commenced at the signal between b and ec. Oc- 
clusion ended between strips h and i. The important features of the positive T pat- 
tern are shown. The time lines are 1/10 second apart. Standardization is approxi- 
mately 1/3 normal. See text. 


our experiments, the occlusion was suddenly released at this stage 
(Figs. 1, h and 2,7). Whether the occlusion was relatively long (3 or 5 
minutes) or short (less than 2 minutes), the striking RS-T junction dis- 
placements and the displacements of the diastolic base line vanished 
within 5 to 7 seconds after cessation of occlusion (ig. 2, 7). Coneur- 
rently, the large, positive T deflections became greatly reduced in ampli- 
tude. In the positive T patterns, the positive T deflections remained 
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positive after occlusion (Fig. 1, 7). In the negative T patterns, the 
positive T deflections that were present at the cessation of occlusion 
gradually returned to their initially negative form in 5 to 10 minutes 
or less (Fig. 2, k). Thus, each pattern ended with a form of T similar 
to that which was present before occlusion. In the final stages of the 
positive T patterns obtained by repeated ocelusicns on the same prepara- 
tion over a period of several hours, the T deflections developed negative 
terminal dips. Under similar circumstances, the final stages of the 
negative T patterns showed T deflections of somewhat greater amplitude 
(Fig. 2, 1). In one experiment, a preparation which initially yielded 
negative T patterns was made to yield patterns of the positive T variety 
by an intravenous injection of 0.12 Gm. of theophylline with ethylene 
diamine. 

A series of identical atypical patterns was recorded from one dog 
with an unusually rapid heart rate. These were of the positive T 
variety, but failed to display the inverted T phase immediately after 
occlusion. 

CONCLUDING REMARKS 


A method is deseribed which permits observation of the complete 
electrocardiographie evolution of the development and cessation of acute 
local ventricular ischemia and injury. In all important respects the 
changes resemble the transitory and much more lengthy eleetrocardio- 
graphie evolution which is encountered during the course of myocardial 
infarction. Inasmuch as no infarction is developed during the recording 
of the ischemia and injury pattern, a clear demonstration is made of the 
kind of electrocardiographie changes which are routinely associated 
with myocardial infarction, but which neither depend upon the presence 
of infarction nor necessarily indicate its presence. 

Contrary to general opinion, the ischemic T-wave changes constitute 
the first stage in the electrocardiographie evolution of myocardial infare- 
tion, as well as the last transitory stage. The RS-T junction and the 
diastolic base line displacements are best studied in that part of. the 
ischemia-injury pattern which immediately follows cessation of occlusion 
(Fig. 2, 7). The form observed strongly supports the explanation given 
elsewhere® of the electrical nature of cardiae muscle in the injured state. 
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THE GRAPHIC REGISTRATION OF VENOUS PRESSURE 
TAKEN BY THE DIRECT METHOD 


J. Epwin Woop, Jr., M.D., AND Ketty T. McKer, M.D. 
CHARLOTTESVILLE, VA. 


ECHNICAL difficulties may partially account for the fact that there 

are few studies of directly measured and graphically recorded 
venous pressure in human beings. The main obstacle appears to be lack 
of a suitable mechanical recording device which will register pressures 
in millimeters of water and also be adaptable to a sterile technique. 

Illustrative of one recording principle is the spirometer-like arrange- 
ment used by Kendrew.' In this apparatus most of the system is liquid 
filled, but an air pocket under the recording spirometer precludes ab- 
solute values, and the method indicates relative changes only. Doupe, 
et al.,? suggest an excellent and apparently highly sensitive method, 
using a T tube manometer. There is a rubber tube from the top of the 
inverted T manometer to a rubber diaphragm which earries a mirror for 
optical reeording. This system allows for calibration, but, owing to the 
compressibility of the air column from manometer to mirror, the recorded 
changes are relative. A camera is necessary for this method. Recently, 
Feitelberg® has suggested a photoelectric recorder for biologic purposes 
which is probably adaptable to the recording of human venous pressure, 
but this apparatus seems more expensive znd complicated than it should 
be for clinical work. The Hamilton manometer* meets all the require- 
ments of aeeuracy for a direct graphic record of venous pressure, and has 
been used for this purpose with excellent results.’ This equipment is 
bulky, requires a relatively expensive camera, and has not seemed suit- 
able to us for use on the wards. 

It is the purpose of this brief report te describe a simple piece of 
apparatus which can be easily assembled in any hospital laboratory. 
A convenient adaptation is a sensitive, float-recording manometer which 
is suitable for pressures of the order required. The apparatus is ar- 
ranged so that only a portion of it need be sterilized. Venous pressure 
is recorded on a smoked drum, and a nonrecording water manometer is 
included in the system to verify values recorded on the drum. The 
recording manometer may be accurately calibrated, and pressure changes 
are recorded by a system entirely filled with liquid. Finally, the ap- 
paratus may be placed on a table and rolled about as desired. 
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The arrangement of the recording device is shown in Fig. 1. The 
essential features are: 

A, A 10 ec. syringe, filled with 2 per cent sodium citrate solution and 
100 units of heparin (Connaught). Part of the 10 ¢.c. is used to fill the 
distal portion of tubing which leads to the needle, and the remainder is 
used during the experiment to prevent clotting. 

B, The usual water (citrate) manometer, placed in the system with T 
tube for convenience in obtaining correct zero level, sight readings 
during the experiment, and ealibration. 

C, Thin latex balloon separating sterile (left) and nonsterile (right ) 
apparatus. This balloon must be partially collapsed after system is en- 
tirely filled with liquid, for distension or total collapse fails to transmit 
pressure accurately. This bottle and balloon may be reversed in direc- 
tion and placed bei “een syringe, A, and T tube leading to B, thereby 
further reducing amount of apparatus that must be sterilized. 
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D, Usual U tube recording manometer (5 mm. bore), commonly found 
in any physiologic laboratory, and ordinarily used with mereury and 
float recorder. 

Because of surface tension, a light cork float cannot be used on water, 
for it sinks or sticks when the water level goes up or down. This can 
be obviated by filling the manometer with a heavier liquid (trichlor- 
ethylene or carbon tetrachloride) which is not readily water soluble, add- 
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ing a drop or two of a commercial detergent solution (Duponol*) just 
where the light cork float meets the trichlorethylene. The cork float 
(7 mm. long and about 4 mm. in diameter), with a light straw guide 
and writing point, now moves up and down lightly and accurately on 
the drum. The right amount of Duponol solution around the cork float 
is important to prevent lag as the cork rises and falls, and just enougn 
is used to extend the exact length of the cork as it rests on the heavier 
fluid in the manometer. The use of a commercial detergent to diminish 
surface tension about the cork float is the key to the accuracy of the 
recording manometer. 

Liquids of varying specific gravity may be used, depending on how 
much excursion of the manometer is desired. The heavier ones are, of 
course, required for wide ranges involving high venous pressures, so 
that the writing point does not go off the drum. Heavier liquids, such 
as methylene bromide, increase the lag slightly. Water also can be used, 
but Duponol soon diffuses into water, and hence the necessity of using 
heavier, relatively water insoluble liquids in the manometer. We have 
found that the ones shown in Table I are suitable. 


TABLE I 
SE EXCURSION IN MM. ON 
NAME preteens DRUM PER 20 MM. WATER 
i STANDARDIZATION 
Trichlorethylene 1,455 10.5 
Carbon tetrachloride 1.595 9.3 
Methylene bromide 2.495 5.25 


Additional heavy liquids that are relatively water insoluble are 
S-tetrabromethane, specific gravity 2.965, and methylene iodide, specific 
gravity 3.285. 

E, F, and H, A time watch (EZ), base line lever, and respiration re- 
cording lever may be added. As the apparatus is set up here, the 
reservoir (/’) is filled with 2 per cent, sterile citrate solution. This is 
used to fill the sterile half of the system, but is not used after the experi- 
ment is started, for clotting is prevented by the use of syringe (A). The 
nonsterile side of the system is filled with syringe (#7). 

The point of reference is obtained, as previously suggested,® by level- 
ing the zero point of manometer B with a point 10 em. above the level 
of the back of the horizontal patient. Surface tension where the needle 
is in the vein may prevent obtaining a correct zero level; this may be 
overcome by allowing the needle to overflow into the container of sterile 
citrate at zero level. 

We have made about fifty observations on patients with this method, 
and have obtained continuous graphic records of venous pressure over 
periods of twenty to forty-five minutes. One such record (Fig. 2) is 
shown, with calibration. Also, simultaneous sight readings and values 


*E. I. Du Pont de Nemours & Co., Chemical Division. 
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TABLE II 
MANOMETER B MANOMETER D 
SIGHT READINGS VALUES RECORDED ON DRUM 
MM. H,O (CITRATE) MM. H,O (CITRATE) 
() min. 126 125 
125 123 
2 121 12] 
121 
121 
5 121 
6 121 
7 110 110 
8 97 99 
9 84 83 
10 76 80 
11 78 77 
12 77 77 
79 79 
14 79 78 
15 80 79 
16 81 
17 76 77 
18 79 77 
19 78 78 
20 78 77 
21 78 79 
22 104 102 
93 110 109 
24 110 
25 117 
26 123 122 
27 126 124 
28 128 127 
29 131 130 
128 128 
3] 135 133 
13 133 


from graphic curves are shown (Table IT) to illustrate the aceuraecy of 
the recording manometer. Slight discrepancies may be caused, in part, 
by the failure of a single observer to eateh sight readings exactly, by 
a slight mechanical error in synchronizing the level and time marker, 
and by slight frictional lag. If the manometer is set up correetly, 
calibration up and down seale should be even and without appreciable 
error. The manometer records the venous pressure changes which occur 
during Cheyne-Stokes breathing, forced dyspnea, the Valsalva phe- 
nomenon, excitement, slight muscular movements, venous pooling, as 
illustrated in Fig. 2, and under other conditions. It appears to be a 
simple, mobile, inexpensive method for recording venous pressures. 

It is of added interest that ordinary smoked drum records may be 
used as negatives, and printed on photographie paper. Although smoked 
cellophane provides a smoother surface and therefore possibly diminishes 
friction, we have not found it necessary for photographie reproduction, 
as previously suggested.* 

This modification of the method of Moritz and von Tabora‘ permits 
accurate, graphie registration of venous pressure in man. 
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STUDIES ON THE PRODUCTION AND MAINTENANCE OF 
EXPERIMENTAL AURICULAR FIBRILLATION 


Joun R. Surry, M.D., AND S. Winson, M.D. 
Sr. Louts, Mo. 


ROM the time auricular fibrillation was first deseribed in man’? 

and was shown to be a common condition,*® observers have attempted 
to gain more insight into its causes. Earlier work* * demonstrated 
that irritation of the auricles by faradizing currents often produced 
transient auricular fibrillation in the experimental animal. Other 
workers® * noted that, during vagus stimulation, the atria were often 
more likely to fibrillate when stimulated by faradie currents, and that 
fibrillation frequently occurred with vagus stimulation alone. Recently, 
acetyl-beta-methyleholine (mecholyl) has been used to produce the effect 
of vagus (parasympathetic) stimulation. Nahum and Hoff* found that 
placing pledgets of mecholyl upon the auricular surfaces of the dog heart 
often produced fibrillation. Noth, Essex, and Barnes’ and Iglauer and 
his co-workers’? noted transient atrial fibrillation in dogs after the 
intravenous administration of mecholyl. Similar phenomena have been 
observed in human subjects. Batro and Lanari' noticed the occurrence 
of atrial fibrillation in a patient after the intracarotid injection of acety]l- 
choline, and Dameshek, et al.,'* observed this arrhythmia after the 
administration of prostigmine and mecholyl. These experiments empha- 
size the probable importance of vagal stimulation in the production of 
auricular fibrillation. 

The experiments of Nahum and Hoff'* are of particular interest. 
These workers were able to induce transient auricular fibrillation in 
thyrotoxie patients by the administration of acetyl-beta-methylcholine. 
They postulated that the application of an irritative factor to the 
auricles (‘‘E’’ factor), upon which vagal stimulation is superimposed, 
is necessary to cause fibrillation of the auricles. They further suggested 
that, in mitral stenosis, the condition of auricular distention may operate 
as the ‘‘ E’’ factor, added to which vagal stimulation may precipitate the 
disorder. Auricular distention as an influence in the establishment of 
atrial fibrillation in mitral stenosis had been previously suggested.'*7!® 7! 

Our interest in conditions which might induce and maintain auricu- 
lar fibrillation was aroused while we were performing experiments for 
another purpose. In perfusing the coronary arteries of the heart- 
lung preparation with anoxemie blood, we repeatedly noted the spon- 
taneous occurrence of auricular fibrillation. As these hearts were in 
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good condition, and the only altered factor was the perfusing of anox- 
emic blood, it seemed possible that oxygen lack might favor the develop- 
ment of the arrhythmia. Such a possibility has been suggested by a 
number of independent studies. Porter,” many years ago, observed 
the disappearance of atrial fibrillation after perfusing the coronary 
vessels with oxygenated blood. Lewis'® found that paroxysmal auricu- 
lar tachyeardia frequently followed ligation of the right coronary artery 
of the dog heart; during the course of the tachyeardia, atrial fibrillation 
often occurred. De Boer’ noted atrial fibrillation after ligation of the 
coronary vessels, or when the heart was in a ‘‘poor metabolic state,’ 
and Resnik** found that auricular anoxemia may predispose the auricles 
to fibrillation. Géraudel®® spoke of tachyeardias and arrhythmias caused 
by interference with the blood supply of the myocardium. Master and 
his associates?! suggested that auricular fibrillation after acute coronary 
thrombosis depended upon altered metabolism, anoxemia, and impaired 
nutrition of the myocardium. 

In order to study further the possible role of auricular anoxemia in 
the production of atrial fibrillation, the following experiments were 
performed. 

METHODS AND RESULTS 
FIG. 1 

1. Effect of Anoxemia and Mecholyl in Producing Atrial Fibrillation 
in the Normally Beating Heart.—Experiments were performed on nine- 
teen dogs, each of which weighed approximately 15 kilograms. Under 
nembutal anesthesia, the thorax was opened by cleaving the sternum; 
respiration was maintained by means of a pump attached to an intra- 
tracheal cannula. <A glass cannula was introduced into a femoral vein 
for the administration of mecholyl. An electrocardiograph was at- 
tached by embedding German silver electrodes in the shoulder and 
left leg muscles. In order to produce the effect of moderate vagus stimu- 
lation, doses of mecholyl of 0.12, 0.14, 0.16, or 0.18 mg. were arbitrarily, 
chosen, and given individually. The smallest dose which produced 
transient cardiae arrest (5 to 10 seconds) or marked slowing of the 
sinus rhythm was selected as the control dose. Usually, 0.12 mg. sufficed 
to produce this effect. 

When Lead II had been obtained and the effect of the control dose 
of mecholyl had been observed, the respiratory pump was stopped. 
Marked anoxemia was permitted to develop, as judged by the gasping 
respiration of the animal and the deepening hue of the blood in visible 
arteries. During anoxemia, the control dose of mecholyl was admin- 
istered again, while a continuous electrocardiographie tracing was made. 
Care was taken to avoid accidental mechanical stimulation of the auricles. 
In all of the animals during anoxemia, mecholyl induced cardiae arrest 
for 10 to 25 seconds, together with marked dilation of both auricles and 
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ventricles, whereas, in the control observations, the same amount of the 
drug produced sinus slowing or only transient arrest. The asystole 
was followed by idioventricular rhythm. In ten of the nineteen animals 
auricular fibrillation developed spontanecusly. It usually appeared 
soon after vagal escape, or at the end of auriculoventricular standstill. 
Fibrillary motions were first manifest in the auricular appendages, and 
were always ‘‘fine’’ in character. As the effect of the mecholyl passed 
off, ‘‘fine’’ auricular fibrillation persisted; with the disappearance of 
auriculoventricular dissociation, the ventricular contractions became 
rapid and absolutely irregular. 

The resumption of respiration was followed by abolition of auricular 
fibrillation and the re-establishment of normal eardiae mechanism. In 
two or three minutes after aeration was begun, the fibrillary contrac- 
tions (and electrocardiographic f waves) became more coarse, transient 
auricular flutter or flutter-fibrillation ensued (persisting, usually, 60 
to 120 seconds), and normal sinus rhythm was then regained. However, 
if, after anoxemia and auricular fibrillation had been established, the 
respirator was adjusted in such a way as to maintain the blood at an 
anoxemie level, auricular fibrillation persisted. In this way auricular 
fibrillation was frequently maintained for as long as thirty minutes. 
It was seldom possible to perpetuate anoxemia for a longer period be- 
cause of the occurrence of pulmonary edema. 

In nine of the animals, auricular fibrillation did not occur spon- 
taneously, even when the experiment was repeated with the highest 
(0.18 mg.) test dose of mecholyl. However, under the influence of both 
anoxemia and mecholyl, gentle mechanical stimulation of the auricles 
by light stroking with a feather immediately precipitated auricular 
fibrillation, whereas, in the absence of anoxemia, strong mechanical 
stimuli must be applied to the auricles in order to induce fibrillation. 
The response of auricular fibrillation in these hearts to persistent anox- 
emia and re-aeration was the same as in the foregoing group. 

2. Elimination of the Factor of Auricular Distension—Nahum and 
Hoff'? and others 14-'* 21 have suggested that distension of the auricles 
in mitral stenosis may be important in initiating atrial fibrillation. In 
the foregoing experiments, during the cardiac arrest produced by the 
administration of mecholyl, there was obvious, marked dilatation and 
distension of the eardiae chambers. As the factor of distension could 
not. he eliminated in these observations, another series of experiments was 
undertaken in an attempt to avoid increased intra-auricular tension. 

FIG. 2 

Four experiments were performed on four degs. Starling heart- 
lung preparations were set up, and the hearts were adjusted to work 
under a pressure of 90 mm. Hg and with an output commensurate with 
the size of the organ. <A perfusion flask was arranged so that blood, un- 
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der any desired pressure, could be perfused into the aorta and against 
the aortic valves; the blood passed thence into the coronary arteries. 
Electrocardiograms were taken before and during the experimental pro- 
cedures. While the heart-lung preparation was beating normally, 0.12 
mg. of mecholyl (or amounts of 0.14, 0.16, or 0.18 mg., as desired) was 
administered through the cannula in the vena cava. The quantity of 


Py 


Fig. 2.—Electrocardiograms (Lead II) recorded during perfusion of the coronary 
vessels in Experiment 2. A is the control curve. B is the curve taken during the 
perfusion of venous blood into the coronary arteries (with the heart beating empty). 
After the administration of 0.12 mg. of mecholyl, auricular fibrillation occurred (curve 
C), and, with perfusion of oxygenated blood (curve D), coarse fibrillation ensued, fol- 


lowed by the return of normal sinus rhythm. 

drug which produced an evanescent arrest of the heart, or marked slow- 
ing of the sinus rhythm, was again chosen as the control dose. The 
venous inflow to the heart was then shut off, entirely eliminating flow 
through the heart, In this state, the auricles and ventricles were col- 
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lapsed. Venous blood (anoxic) was then perfused into the aorta and 
coronary vessels under a pressure of 90 mm. Hg, and the control dose 
of mecholyl was reinjected into the perfusing blood. In all four ex- 
periments, there immediately followed a period of cardiac arrest, 10 to 
20 seconds in duration, followed by idioventricular rhythm of 30 to 60 
seconds’ duration. Spontaneous atrial fibrillation oceurred in each 
heart. Again, fibrillation of the auricles persisted during the time 
anoxemic blood was used in perfusion. When oxygenated blood was 
again forced into the coronary arteries, coarser fibrillary movements 
promptly occurred, followed by transient flutter-fibrillation and finally 
normal rhythm. 

No attempt was made to maintain auricular fibrillation for long 
periods of time, as it would have required large amounts of anoxemic 
blood in constant circulation. Auricular fibrillation was permitted to 
continue for several minutes in each experiment. 

3. Production of Auricular Fibrillation in Hearts With Acute Experi- 
mental ** Mitral Stenosis.’’—The question whether extreme distension of 
the auricles influences the normal auricular mechanism was investigated 
by producing acute ‘‘mitral stenosis’’ in five dogs. In two experiments 
heart-lung preparations were used; in one experiment, the heart was 
exposed and the general circulation kept intact; chlorazol fast pink and 
heparin were given to prevent clotting during subsequent procedures. 
In all three of these experiments small incisions were made in the left 
auricular appendages. A brass tube, 3 mm. in diameter, to the end of 
which a small balloon was affixed, was passed through the auricle into 
the left ventricular cavity and tied in place by a ligature placed around 
the aperture.??. Careful partial inflation of the balloon encroached upon 
the volume of the ventricular cavity, producing a retrograde increase of 
pressure in the left auricle, pulmonary vessels, and right cardiac 
chambers. The balloon was sufficiently inflated so that left ventricular 
output was curtailed by about 10 per cent. Marked distension of both 
auricles and the right ventricle resulted. When the balloon was in place 
and inflated, 0.12 or 0.14 mg. of mecholyl was injected into the vena 
cava or femoral cannula, while continuous electrocardiographie tracings 
(Lead II) were taken. In the three experiments, auricular fibrillation 
developed spontaneously and persisted as long as the inflated balloon 
(and, therefore, auricular distension) was retained. It was not possible 
to maintain auricular distension for more than five minutes because of 
the rapid development of pulmonary edema. Release of the balloon and 
the re-establishment of normal intracardiac pressures were followed by 
auricular flutter and restoration of normal mechanism, as in the forego- 
ing experiments. 

In two additional experiments, using dogs with hearts exposed and 
circulation intact, an attempt was made to produce acute mitral stenosis 
by the method of Katz and Siegel.** In this method, sutures are drawn 
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through the myocardium and under the leaves of the mitral valve in such 
a way that tension on the sutures raises the mitral cusps to produce 2 
‘*stenosis.”” However, in each of these experiments, auricular fibrilla- 
tion occurred spontaneously as the sutures were being placed, and 
before auricular distension could be produced. It was thought that 
direct injury to the atria produced the fibrillation. 

DISCUSSION 

The experimental data presented would indicate that anoxemia of 
the auricles, together with vagal stimulation, may result in the spon- 
taneous development of atrial fibrillation, with or without auricular dis- 
tension. In the interpretation of these observations, several factors must 
be considered. 

Nahum and Hoff'* have pointed out that the degree of vagus excita- 
tion may be of considerable importance in the establishment of auricu- 
lar fibrillation. The experiments of Lewis, Drury, and Bulger** and 
of Andrus and Carter® have shown that stimulation of the vagus con- 
spicuously decreases the refractory period of the auricle, and that the 
application of a stimulus to the auricle shortly after the end of the re- 
fractory period under vagal stimulation resulted in the occurrence of 
auricular fibrillation. It seems possible, therefore, that, because of 
shortening of the refractory period, stimuli may fall upon auricular 
muscle which is excitable, but in which conductivity has not returned to 
normal. The muscle is thus receptive to re-entrant rhythms.* 

The mechanism by which anoxemia of auricular muscle facilitates 
the induction of atrial fibrillation on stimulation of the vagus is not 
entirely clear. Wiggers*® notes that, in ordinary heart muscle, anoxemia 
may increase the irritability of foci in the ventricle, or may cause de- 
layed conduction and regional blocks, permitting the re-entry of ex- 
citation waves into normal muscle. These changes may give rise to 
fibrillation. It seems reasonable that similar conditions may oecur in 
anoxemie auricular muscle. Cushing and his co-workers®* found that, 
in producing auricular infarets in the experimental animal, abnormal- 
ities in auricular mechanism frequently occurred, such as premature sys- 
toles, wandering pacemakers, tachyeardias, and other disturbances, in- 
dieating greatly increased irritability of the muscle. On the other hand, 
anoxemia of auricular muscle appears to have very little effect on the 
refractory period of the musele.?* Therefore, it seems possible that an 
auricle which has been rendered irritable by anoxemia may be precipi- 
tated into fibrillation by the additional factors of shortened refractory 
period and lessened conductivity produced by vagal stimulation of 
sufficient degree. 

Heymans and his associates*® and Richard*’ have shown that the 
effect of vagal stimulation on the heart is greatly enhanced by anoxemia. 
In our experiments, the effect of acetyl-beta-methylcholine on cardiac 
inhibition was strikingly increased when the heart was deprived of oxy- 
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gen. Intravenous injections of 0.12 mg. of the drug produced arrest of 
cardiac contraction and periods of vagal escape of much longer duration 
in the presence of anoxemia than in its absence. It seems probable, 
therefore, that anoxemia and vagal stimulation act synergistically in the 
production of atrial fibrillation. 

The clinical implications embodied in these experiments are possibly 
of interest. The common occurrence of auricular fibrillation in coronary 
artery disease, myocardial infarction, and congestive heart failure is 
well known. From the clinical standpoint, one might wonder whether, 
in heart disease which is attended by reduced coronary artery flow and 
anoxemia of the myocardium, normal vagal stimuli might not be ampli- 
fied in their effects upon the heart, leading, in some cases, to the estab- 
lishment of auricular fibrillation. Indeed, Weiss and Baker*! found 
that, in patients with coronary disease, carotid sinus stimulation tended 
to produce marked temporary slowing of the heart. Sigler*? noted high 
degrees of cardio-inhibitory response to carotid sinus stimulation in 
eases of coronary insufficiency. 

Distension of the auricles in mitral stenosis has seemed likely as a 
factor in the causation of fibrillation of the atria. In the dog heart, 
auricular distension caused by obstructing the passage of blood through 
the left ventricle, together with an acetylcholine effect, resulted in the 
spontaneous development of fibrillation. However, when auricular dis- 
tension was eliminated by perfusing the coronary vessels while the heart 
was beating empty, auricular fibrillation was again spontaneously pro- 
duced when the muscle was perfused with anoxie blood under vagal 
stimulation. From the clinical standpoint, one would feel that the fae- 
tors of auricular distension and anoxemia are inseparable. Kountz 
and Smith** suggested that distension of the ventricular wall might so 
stretch the intramural coronary radicles that marked reduction of the 
flow of blood would result. Distension of the thin auricular walls, pro- 
ducing marked attenuation of the intramural vessels, and, consequently, 
anoxemia of the muscle, would seem to be a possible factor in the pro- 
duction of auricular fibrillation. 

Cushing and his co-workers?’ produced auricular infarction in the 
hearts of dogs by ligating the auricular arteries. They noted various 
changes in auricular mechanism, but auricular flutter occurred in only 
one of their experiments, and auricular fibrillation was not noted. There- 
fore, their results might at first glance appear to be at variance with 
ours. One possible explanation for this difference may be that anoxemia 
of the auricular muscle, as a whole, maybe-required before conditions 
necessary to the production of auricular fibrillation develop.” In mitral 
stenosis, congestive heart Tailure, and in some eases of myocardial in- 
farection (in which this arrhythmia is common), anoxemia of all of the 
auricular muscle conceivably occurs, possibly fostering the onset of the 


arrhythmia. 
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SUMMARY 


The relationship of anoxemia of the auricles and vagal stimulation 
(mecholyl effect) was investigated in the hearts of dogs. In the nor- 
mally beating heart it was found that: (1) anoxemia apparently renders 
the heart more sensitive to the action of mecholyl; (2) auricular fibrilla- 
tion frequently occurs spontanecusly, or is easily induced by minute, 
mechanical, auricular stimuli after small doses of mecholy] during anox- 
emia; (3) reoxygenation of the blood results in the restoration of normal 
cardiac mechanism. In another series of experiments, the factor of 
auricular distension was eliminated by perfusing the coronary vessels 
of the heart while the heart was beating empty; the administration of 
mecholyl during perfusion with anoxie blood produced auricular fibrilla- 
tion. Mecholy] also produced auricular fibrillation in hearts with aeute, 
experimental ‘‘mitral stenosis.”’ 

The possible mechanisms by which auricular anoxemia, together with 
the action of mecholyl, may precipitate atrial fibrillation are discussed, 


and the clinical aspects considered. 
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THE EFFECT OF THYROID EXTRACT, ADRENALIN, AND A 
COMBINATION OF THESE ON THE HEARTS OF INTACT 
AND THYROIDECTOMIZED RABBITS 


Harry Gross, M.D., AND SIpNEY S. GREENBERG, M.D.* 
New York, N. Y. 


HE exact mechanism whereby thyroid extract and adrenalin affect 

the heart is still not clear. Thyroid extract causes an increase in 
cardiac output by increasing the heart rate and stroke volume. Adren- 
alin causes a rise in heart rate and blood pressure, and also has an effect 
on the heart by a synergistic action with the thyroid gland. The ultimate 
cause, however, of the eardiae enlargement and myocardial fibrosis 
which follow the administration of thyroid extract and adrenalin to 
animals is far from clear. 

A person with myxedema or anyone after complete thyroidectomy’ is 
usually more sensitive to thyroid extract than normal. In this work an 
attempt was made to answer the question whether the effect of thyroid 
extract was greater on the hearts of thyroidectomized rabbits than on 
those of intaet rabbits. Similarly, the effect of adrenalin on similar 
groups of animals was studied. An attempt was also made to ascertain 
whether adrenalin augments the effect of thyroid extract. 

REVIEW OF LITERATURE 

Hoskins,? Cameron and Carmichael,* and Hashimoto* reported cardiac 
hypertrophy in rats which were fed thyroid extract. Hashimoto also 
noted that the effect (grossly, dilatation, and, microscopically, swelling 
of muscle fibers and increased interstitial fibrosis) depended upon the 
duration and dosage of the thyroid extract. CGoodpasture’® found cardiac 
hypertrophy in rabbits which had been given thyroid or thyroxin. After 
two to three weeks of treatment he observed myocardial and perivascu- 
lar necrosis, fibrosis of papillary muscles, and an increased suseeptibility 
to myocardial injury from chloroform. Simonds and Brandes® observed 
generalized cardiac hypertrophy, especially of the left ventricle, in dogs 
which had been fed desiccated thyroid extract. 

Smith and MacKay’ observed a linear relation between the weight of 
the heart and the basal metabolism in rats that were fed thyroid ex- 
tract. They noted a direct relationship between the work of the heart 
and the weight of the heart. The isolated hearts and auricles of thy- 
roid-treated animals were shown by Lewis and MacEachern® to con- 
tinue to beat at a faster rate than normal. In frizzle fowl Boas and 
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Landauer® demonstrated left ventricular hypertrophy and an increase 
in the ratio of ventricular weight to body weight. They attributed the 
increased work of the heart to permanent tachyeardia caused by a per- 
sistently elevated metabolism. 

Hypertrophy of the heart in animals following injections of adrenalin 
was reported by Stewart’’; the degree of hypertrophy was determined 
by the amount of adrenalin injected. He believed that adrenalin pro- 
duced a metabolic disturbance due to a direct toxie action on the muscle 
fiber, with histologic changes similar to those which follow diphtheria. 
The hypertrophy of the heart was in proportion to the myocarditis, 
with increases in weight up to 42 per cent in those with myocardial 
lesions and up to 26 per cent in those with microscopic changes. He 
believed that the early stage of cardiac hypertrophy is caused, in part, 
by an inereased water content, and that, after the third week of adren- 
alin injections, the edema disappears. 

Kuriyama™ demonstrated no increase in weight or in epinephrine 
content of the adrenals of thyroid-fed rats, presuming that adrenalin 
is transferred to the circulation. He does, however, state that the action 
of adrenalin on the frog or rabbit heart is augmented by additions of 
thyroid extract. He mentions the fact that the plasma of rats which 
had been fed thyroid and of patients with Graves’ disease accelerates 
the vasoconstrictor influence of epinephrine. According to Schermann,'* 
thyroidectomy decreases the response of the isolated heart to adrenalin. 
This decreased response is due to a lack of thyroid effect on the nerve- 
muscle cell-endings of the heart. 

Herring’ is of the opinion that, with thyroid feeding, the activity 
of the animal’s own thyroid adds another factor to the degree of re- 
sponse. He thinks that the animal’s own thyroid gland is restrained in 
development by prolonged thyroid feeding. He found hypertrophy of 
the heart, kidneys, pancreas, liver, and suprarenals as a result of thy- 
roid feeding. In the suprarenals the increase in medullary substance 
was more than balanced by greater hypertrophy of the cortex. 

The synergism between the adrenal and the thyroid gland is well 
known. Asher and Flack't demonstrated that the thyroid sensitizes the 
sympathetic endings to the action of adrenin. Oswald’ observed that, 
after intravenous injections of iodothyroglobulin, adrenin causes a rise 
in pressure which is higher and longer in duration than before. Levy'® 
observed a prompt liberation of thyroid after svmpathetie stimulation. 
According to Zwemer,"* absence of the thyroid gland tends to delay the 
onset of symptoms of adrenal insufficiency. 

Marine and Baumann'® showed that the suprarenal cortex normally 
exerts a regulatory and inhibitory control over thyroid activity, which, 
when lost, automatically leads to inereased activity, with heightened 
heat production. Thyroidectomy prevents or diminishes the rise in 
respiratory exchange which usually follows sublethal injury to the 
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suprarenal glands. Seely and Cutler'’’ found that thyroidectomized 
dogs showed a great loss of sensitivity of svmpathectomized vessels to 
adrenalin. They also found that, when patients were deprived of thy- 
roid secretion, injections of adrenalin produced less vasoconstriction. 


In an attempt to ascertain the effects of adrenalin alone, and of a 
combination of thyroid extract and adrenalin upon the hearts of thy- 
roidectomized and normal rabbits, four groups of rabbits were studied. 
The first group consisted of fifteen thyroidectomized rabbits. Of these, 
five served as controls, five were given subcutaneous injections of 0.3 
to 0.4 mg. of adrenalin in aqueous solution, and five others received the 
same dose of adrenalin, plus 100 me. of desiccated thyroid extract by 
mouth daily. The dose of the drugs was decreased if weight loss was 
too great or the animals appeared ill, and increased if the effect on the 
heart, as observed at necropsy, on others was not marked. 

To ascertain whether thyroidectomy augmented the effect of thyroid 
extract and adrenalin. another group of twelve animals with intact 
thyroids were treated in a similar way, except that adrenalin in oil 
(0.3 to 0.4 mg. daily) was substituted for adrenalin in aqueous solu- 
tion in the hope of producing a more prolonged effect instead of the 
sudden and transitory, though marked, effeet of the aqueous adrenalin 
solution. Half the number were given adrenalin alone, and the other 
half were given thyroid in addition to adrenalin. The dose of thyroid 
extract and adrenalin was increased or decreased as the hearts were 
observed after different experimental periods. At the end of the experi- 
ment the animals were receiving 0.6 me. of adrenalin in oil daily. 

To ascertain the effect of thyroidectomy, a third group of twelve an- 
imals, half of which were thyroidectomized and the other half intact, 
were given the same doses of thyroid (200 to 300 meg. of desiccated 
thyroid by mouth) and adrenalin in oil (0.3 to 0.5 mg. subeutaneously ) 
daily. The experiments lasted from eighteen to sixty-four days. In 
this group, thyroidectomy did not appear to increase the changes in the 
heart produced by thyroid extract and adrenalin. 

A fourth group was studied beeause it was felt desirable to ascertain 
the effect of thyroid extract on the intact and the thyroidectomized an- 
imal, i.e., to see whether the thyroidectomized rabbit was more sensitive 
to thyroid than the intact one. This group was composed of twelve 
animals, divided into three sets of four each. Four intact and four 
thyroidectomized rabbits were given thyroid extract, and four intact 
animals were given thyroid extract and adrenalin. 

In addition, the clinical manifestations and necropsy observations in 
three goitrous rabbits which pursued a fatal course of hyperthyroidism 
after the administration of small doses of iodine are discussed. 

RESULTS 

Group 1.—Thyroidectomized rabbits. 

Heart: a. Control Section—tThe survival period was up to one month. 
Minor changes occur fairly frequently in the rabbit’s myocardium. 
These were found in the control group, and consisted of areas of hyaline 
degeneration with vacuoles in some of the fibers. Feeci also occurred 
in which the cytoplasm was dense and deeply red, with shrunken, ir- 
regular, pyknotie nuclei. These foci oceurred in both the right and 
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left ventricles. The changes tended to be more marked in the left than 
in the right. The vessels were normal. Areas of marked loss of cyto- 
plasm, with fraying out of muscle cells in places at the periphery, were 
observed. The changes were more marked in some than in others. 

b. In the adrenalin group the heart weights were within normal lim- 
its. The heart weights as well as the heart weight/body weight ratios 
were the same in the adrenalin and in the normal group. The histologic 
changes in this group varied considerably. Two showed nothing either 
in the myocardium or in the vessels. Three showed foci of hyaline de- 
generation; there were variations in staining quality of the fibers in 
one; and, in two, the muscle stained more deeply than in the control 
group. One of the three had a focus of lymphoeytie infiltration and small 
patches of early replacement fibrosis, with loose cellular connective tis- 
sue. The left ventricle in one showed slight hypertrophy. Since the 
left ventricle of one showed only slight hypertrophy, adrenalin in this 
dose over a period of twenty-six days was not enough stimulus for sig- 
nificant hypertrophy. 

c. The heart weights of the adrenalin-thyroid group were absolutely 
increased. In addition, the ratio of heart weight to body weight was 
very significantly increased. There was hypertrophy of the left ven- 
tricle in every case. In one the hypertrophy was slight; in another, 
moderate; in two, moderate to marked; and, in the fifth, marked. Hy- 
pertrophy of the right ventricle was slight in two and marked in one 
animal. There were separation of the muscle fibers, increase in loose 
fibrillar connective tissue and small round cells, and polynuclear or 
round-cell infiltration; one had a subepicardial increase in round and 
spindle cells, small and large patches of replacement fibrosis as well as 
diffuse interstitial fibrosis, and voung cellular connective tissue. In 
areas, hypertrophic muscle fibers showed degeneration. Some small and 
medium-sized arteries showed medial hypertrophy. One animal gained 
weight despite thyroid and adrenalin. In this one, although the heart 
weight was increased, the heart weight/body weight ratio was only 
moderately elevated. These changes appeared to occur more readily as 
the animal lost weight due to a severe thyroid effect. The duration of 
treatment played a secondary role in the production of heart muscle 
changes. 

Group 2.—Intact animals, half given adrenalin, half adrenalin and 
thyroid extract. 

Hearts: a. Adrenalin-Treated Group.—There was some increase in 
heart weight and in heart weight/body weight ratios in the adrenalin- 
treated animals. Of this group the right and left ventricles showed 
questionable microscopic fiber hypertrophy in four. There was no sig- 
nificant hypertrophy in one, and slight hypertrophy of both ventricles 
occurred in another, with the fibers markedly vacuolated and granular 
in the right ventricle. The septum was hypertrophied in one whieh had 
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no significant hypertrophy of either ventricle; of the two animals with 
some hypertrophy or microscopic changes, one had been treated for 
thirty-three, the other for ninety-five, days. Others treated as long as 
eighty days showed no changes and no hypertrophy. There were focal 
interstitial infiltrations of lymphocytes, histiocytes, and plasma cells in 
five of six animals. 

b. Thyroid-Adrenalin-Treated Grouwp.—Both the heart weights and 
the ratio of heart/body weight were higher in the animals which were 
given adrenalin and thyroid. In the thyroid-adrenalin group, there 
were a good-sized heart and an increase in the heart weight/body weight 
‘atio after twenty-three days of treatment. However, as the experiment 
continued, the animals developed a tolerance to thyroid extraet and did 
not lose weight, and in these the hearts were not greatly enlarged. One 
animal with an initial weight of 2 kilograms was allowed to gain 50 per 
cent of its weight; despite ninety-five days of treatment with adrenalin 
and thyroid extract, the heart was not hypertrophied. 

Possible hypertrophy of both the right and left ventricles was noted 
in five. No appreciable hypertrophy occurred in another, and, in one, 
there was slight to moderate hypertrophy of the left, but no appreci- 
able hypertrophy of the right, ventricle. No parallel could be drawn 
between the length of treatment and the degree of hypertrophy. Mod- 
erate left ventricular hypertrophy took place in an animal which was 
treated for twenty-three days, but not in one treated for ninety-five 
days. Focal interstitial infiltrations of lymphocytes, histiocytes, and 
oceasional eosinophiles and plasma cells were present in five, and foci 
of early replacement fibrosis in three, out of six animals. 

The hearts of the animals which received thyroid and adrenalin were 
individually heavier than those which were given adrenalin only. The 
hearts developed hypertrophy when the animal not only failed to gain, 
but actually lost, weight. As in the other group, an animal which lost 
20 per cent of its original weight over a twenty-three-day treatment 
period with thyroid and adrenalin showed hypertrophy of both ven- 
tricles. Another, treated similarly for ninety-five days, gained 60 per 
cent of its original weight and showed no hypertrophy of either ventricle. 
It appeared, as in group one, that eardiae hypertrophy took place not so 
much from a prolonged effect as from an intensive effect of thyroid 
extract. 

However, the striking feature of this material was the difficulty in 
producing significant eardiae hypertrophy in animals which were treated 
for three months or longer. This fact was in marked contrast to the first 
group of thyroidectomized animals, which were treated similarly except 
that an aqueous adrenalin solution instead of adrenalin in oil was used, 
plus the fact that in group one the animals were thyroidectomized. It 
appeared also that thyroidectomy sensitized the animals to thyroid 
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extract, for cardiac enlargement was more easily induced in the thy- 
roidectomized than in the intact animals. 

Group 3.—Thyroid-adrenalin treated animals, half thyroidectomized, 
half intact. 

Hearts—tThe right ventricle was found enlarged four times, showed 
little or no hypertrophy in one instance, and was regarded as normal 
in another. The left ventricle showed more marked changes; it was 
hypertrophied in every instance; once it showed slight to moderate hy- 
pertrophy, once, moderate hypertrophy, and four times, slight hyper- 
trophy. The interventricular septum was examined in three animals. 
Slight hypertrophy was found in one, moderate hypertrophy in another, 
and no hypertrophy in the third. 

Degenerative changes were more striking and seemed to be more prom- 
inent in the left ventricle. These were focal interstitial infiltration of 
lymphocytes and histiocytes in all the animals. Early replacement 
fibrosis was seen in one of the thyroidectomized group and four of the 
intact group. 

The early response to treatment was considerable increase in heart 
weight and in heart weight/body weight ratios. Increase in heart 
weight and in heart weight/body weight ratios was progressive as the 
treatment period continued. There was, however, a large individual 
reaction to hypertrophy, and no exact correlation could be made between 
the grade of hypertrophy and microscopic changes and the period of 
treatment. It is noteworthy that an animal treated for eighteen days 
showed well-marked changes in both ventricles and in the septum. 

In Group 3 it appears that the cardiae changes may have been less 
marked in the thyroidectomized group. However, loss of weight was 
less in this group. It has already been stated that the cardiac changes 
appeared proportional to the degree of loss of weight of the animals. 
The intact group had more frequent and greater loss of body weight, 
and the more marked changes in the heart were seen in animals with 
greater loss of weight. 

Group 4 consisted of intact and thyroidectomized animals which re- 
eeived thyroid extract and intact animals which were given thyroid 
extract and adrenalin. The dose of desiccated thyroid extract and of 
adrenalin in oil was the same as in Groups 2 and 3. The duration of 
treatment was from twenty days to more than two months. All of the 
thyroidectomized group which received thyroid extract alone showed 
hypertrophy and granular and vacuolar degeneration. One of these 
showed perivascular infiltration, replacement fibrosis, and a few collec- 
tions of lymphocytes, eosinophiles, and plasma cells. These changes 
were present in both ventricles and in the interventricular septum. 

The group of intact animals which received desiccated thyroid ex- 
tract showed less hypertrophy ; one of the four showed no hypertrophy 
and another showed slight hypertrophy. There were granular degenera- 
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tion and slight increase in interstitial tissue in one, and one showed 
slight replacement fibrosis. Both the hypertrophy and degenerative 
changes were less marked than in the thyroidectomized animals. 

The intact animals which received thyroid extract and adrenalin 
showed more marked hypertrophy and degenerative changes than the 
intact animals which were given adrenalin alone. Two had slight, one 
had moderate, and the fourth had moderate to marked, cardiac hyper- 
trophy. Two showed degenerative changes. The one with marked hy- 
pertrophy showed fibrosis, granular and vacuolar degeneration, and in- 
filtrations by fibroblasts. 


Fig. 1.—Photomicrograph of heart muscle of thyroid-treated rabbit, showing cardiac 
hypertrophy, fibrosis, and cellular infiltration (100). 


In this group thyroidectomy appeared to increase greatly the sen- 
sitivity of the animals to thyroid extract. Thyroid extract produced 
but little change in the hearts of the intact animals, but the intact an- 
imals which received adrenalin in addition to thyroid extract showed 
significant cardiae hypertrophy, as well as degenerative changes in the 
heart muscle. 


: 
ad 


GROSS AND GREENBERG: THYROID EXTRACT AND ADRENALIN 195 


Three rabbits with spontaneous goiter, produced either by a diet 
consisting largely of cabbage or a diet of alfalfa hay and methy] cyanide, 
were studied by Dr. Marine, who kindly permitted us to examine their 
hearts. These goitrous rabbits were then treated with potassium iodide, 
and developed fulminating hyperthyroidism which resulted in death 
in a few weeks from loss of weight, exhaustion, and heart failure. 


Fig. 2.—Photomicrograph of heart muscle of normal rabbit of about same weight, for 
comparison (240). 


The changes in the heart so resembled those in the animals which 
were given thyroid extract that it was deemed worth while to summarize 
briefly the salient features in the course of these animals. 

The animal which was fed cabbage developed a large, soft goiter, 
measuring 3 by 4 em. The metabolic rate was much below normal, but 
otherwise there were no symptoms. After three successive daily intra- 
peritoneal injections of potassium iodide in water, the animal rapidly 
showed loss of weight, nervousness, restlessness, a rise in metabolic 
‘ate, and a decrease in the size of the thyroid gland. Twenty-six days 
after the administration of potassium iodide was started, the animal died 
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of hyperthyroidism. Its original weight was 2,635 grams; at death it 
weighed 1,505 grams, a loss of 1,130 grams, or 48 per cent of its body 
weight. The other two were litter mates with exophthalmos and goiter 
eaused by the administration of methyl cyanide. A greatly enlarged 
right lobe of the thyroid was removed in each ease, and potassium iodide 
administered in a dose of 21 mg. in twelve days to one, and 22 mg. in 
eight days to the other. Both developed tachypnea, restlessness, and 
tachyeardia, and died two days after the potassium iodide was stopped; 
one of the two died of congestive heart failure. The weight had de- 
clined in one from 2,490 to 1,755 grams, a loss of 30 per cent of the 
body weight; and, in the other, from 2,314 to 1,642 grams, a loss of 29 
per cent of the body weight. 

Histologic Observations.—The heart of one weighed 8.4 Grams (body 
weight, 1,505 grams). The left ventricle was dilated and hypertrophied, 
but predominantly dilated. Microscopically, there were diffuse, marked, 
myocardial fibrosis, vacuolar and hyaline degeneration, and some edema. 
The heart of the second animal of this group weighed 7.4 grams (body 
weight, 1,755 grams). The organ was enlarged and the ventricles were 
hypertrophied ; microscopically, the left ventricle showed hypertrophy, 
but no degenerative changes. The right ventricle showed hypertrophy 
of the muscle cells, which were separated by bluish staining edematous 
material and some areas of cellular infiltration. The heart of the third 
rabbit of this group weighed 9.1 grams (body weight, 1,642 grams). 
The organ was moderately dilated, all chambers were filled with semi- 
clotted blood, and the papillary muscles were slightly mottled. Micro- 
seopieally, the right ventricle showed hypertrophy of the muscle fibers, 
with degeneration, edema, fibrosis, and some cellular infiltration. The 
left ventricle showed similar changes, except that they were more marked 
and the fibrosis was greater. 

Chesney, Clawson, and Webster” observed the development of large 
goiters in rabbits on cabbage diets. They found that heat production 
in goitrous rabbits was below normal, and that there was an inverse 
relationship between the size of the thyroid gland and the metabolic rate. 
Marine, Baumann, and Cipra*! showed that the substance responsible 
for cabbage goiter is probably a cyanide. The extremely small amount 
of iodine which will cause fatal hyperthyroidism in a goitrous rabbit 
is noteworthy. 

In some rabbits with goiter, Webster and his co-workers”? observed a 
sudden inerease in heat production before death. Some animals showed 
a rise in metabolic rate which was too great to be accounted for by mere 
loss in body weight. Unlike humans, who usually show a decrease in 
metabolic rate and a gain in body weight after the administration of 
iodine, in goitrous rabbits there is a rise in metabolic rate, with loss 
of body weight and death in a few days. 
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These three animals, despite the fact that exophthalmos and goiter 
had been present for a long time, maintained themselves well until 
iodine was given. The dose was not large, and, in two, hemithyroidee- 
tomy was performed in an effort to control hyperthyroidism. The ex- 
cised lobes showed marked enlargement, greatly increased vascularity, 
and marked hyperplasia, Despite the evidence of involution of the 
thyroid gland after treatment and hemithyroidectomy, small doses of 
iodine produced a rapidly fatal course of hyperthyroidism. 

The counterpart in man is not lacking, for certain persons develop 
Graves’ disease after the administration of iodine; this is referred to as 
iodine Basedow’s disease. Benign, human, adenomatous goiter may 
also become toxie on the administration of iodine, and behave like typical 
Graves’ disease. Such a course is a direct counterpart of the animal 
experiment. However, the fact that goitrous rabbits develop hyper- 
thyroidism when they receive iodine, whereas humans commonly show 
a fall in metabolic rate, is a noteworthy point of difference. !urther- 
more, humans with toxie goiter frequently improve or are cured after 
subtotal thyroidectomy, but, in two of the three rabbits, hemithyroidee- 
tomy did not lessen the course of fatal hyperthyroidism. 

The changes in the hearts of rabbits with induced hyperthyroidism 
are, however, different from those in humans with Graves’ disease or 
hyperthyroidism. Cardiae hypertrophy in animals is marked, but, in 
humans, cardiac dilatation may be marked, but hypertrophy is rare. 
In fact, in human Graves’ disease, when eardiae hypertrophy is found, 
it is usually due to some other cause, most commonly rheumatic heart 
‘ooiter 


‘ 


disease or hypertension. Goitrous rabbits prebably develop 
heart,’’ with cardiac hypertrophy, because the large goiter acts as a 
reservoir for blood and acts in the same way as an arteriovenous fistula. 
In the goitrous rabbits which were given small doses of iodine, fatal 
hyperthyroidism was associated with greatly intensified effects on the 
heart, as evideneed by marked cardiac hypertrophy and myocardial 
changes. 
DISCUSSION 

Thyroid extract inhibits body growth. At the same time, it causes 
hypertrophy of the liver, spleen, kidneys, adrenals, and heart. Al- 
though Hoskins did not find it always, the growth-inhibiting effect of 
thyroid was constant in our material and in that of Cameron and 
Carmichael.* The inhibition of body growth, on the one hand, and hy- 
pertrophy of the heart, on the other, were constant and parallel effects, 
providing the doses of thyroid were large enough. Cardiae hypertrophy 
and loss of weight could be produced at will, and were directly pro- 
portional to the dose of thyroid. However, after the thyroid had been 
given for a time, it became much less effective because of the develen- 
ment of a tolerance for the drug. 
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In the animals that developed cardiac hypertrophy, which at times 
followed treatment with adrenalin alone and was common in the ani- 
mals which received both thyroid and adrenalin, there appeared to be 
a fairly high heart weight/body weight ratio. However, there was a 
fall in the ratio about the third or fourth week of the treatment. Sub- 
sequently, there was a rise again. Stewart,'’ who produced cardiae hy- 
pertrophy by injections of adrenalin, made similar observations, and 
was of the opinion that the early stage of cardiac hypertrophy was due 
to an increase in the content of water, and that, after the third week 
of adrenalin injections, the edema disappeared. sSince we observed a 
high heart weight/body weight ratio in the early phase of treatment, 
which subsequently became lower and then higher as treatment was 
continued, it appears that the early phases of cardiae hypertrophy may 
be associated, as Stewart'® thought, with water retention, and is fol- 
lowed by an increase in muscle mass. However, since the animals which 
were treated for more than three or four weeks may have developed a 
tolerance to thyroid extract, this factor, rather than alteration in water 
content of the myocardium, may explain the later reduction in the heart 
weight/body weight ratio. 

The two recognized views concerning the pathogenesis of cardiac 
hypertrophy are that it is caused by work or tissue injury. Adrenalin 
and thyroid ean induce hypertrophy from a physiologie point of view by 
increasing work, as well as by tissue injury. There was no exact rela- 
tionship of heart weight and tissue injury to the duration of treatment. 
Nevertheless, the extent of myocardial damage and hypertrophy was 
greater in the animals in which an intense thyroid effect was obtained, 
especially if it was maintained over a long period of time. Tachyeardia, 
anoxemia, and thickness of muscle fibers may also play a role. Sinee 
both thyroid and adrenalin caused myoeardial fibrosis and hypertrophy, 
it is undeniable that the histologic changes may be the direct result of 
the treatment, independent of hypertrophy. Mvoeardial scarring may 
be the result, or the cause, of cardiac hypertrophy. It is interesting 
that Simonds and Brandes® observed eardiae hypertrophy in animals 
that had lost 25 to 35 per cent of their body weight. When the body 
weight loss was greater, the heart lost some of the weight it had gained 
as a result of hypertrophy. 

Hashimoto* observed dilatation, especially of the right ventricle, in 
thyroid-fed rats; this was more marked in the male animals. Although 
we agree in large part with him, we, like Simonds and Brandes, observed, 
in contradistinction to his results, that the left ventricle was more af- 
fected than the right. In fact, when the right ventricle showed muscle 
hypertrophy, fibrosis, or infiltration of different types of cells, the 
changes were usually present and more marked in the left. When hy- 
pertrophy or fibrosis was minimal, cardiac hypertrophy was often lim- 
ited to the left ventricle. 
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In the animals in this series which showed loss of body weight, the actu- 
al weights of the hearts, as well as the heart weight/body weight ratios, 
were high. On the other hand, in the animals which did not lose much 
weight, or actually gained weight, the heart weights were not signifi- 
cantly increased, the heart weight/body weight ratios were not high, 
and histologie changes in the hearts were not marked. These observa- 
tions corroborate the view that it is the intensity of treatment with 
thyroid extract that is responsible for the degree of cardiae hypertrophy 
and the severity of the associated histologie changes. 

Brown, Pearce, and Van Allen®* ascertained organ weights and their 
ratios to body weights in a large number of normal rabbits. We have 
made a similar study (Table II) in a comparable series. They found 
that the ratios of heart weight to body weight were from 0.202 to 0.282; 
the majority were about 0.230. Our observations were roughly similar. 
It is noteworthy that, in our animals in which the thyroid effect was 


TABLE ITI 


Bopy WEIGHTS, HEART WEIGHTS, AND HEART WeEIGHT/Bopy WEIGHT RATIOS OF 
NORMAL RABBITS OF VARIOUS Bopy WEIGHTS 


BODY WEIGHT HEART WEIGHT HEART WT./BODY WT. RATIO 
Under 1500 Gm. 
1426 3.6 0.250 
1500-2000 Gm. 
1977 5.9 0.282 
1712 3.6 0.210 
1735 4.8 0.277 
1998 5.1 0.255 
1660 4.9 0.295 
2000-2500 Gm. 
2233 5.4 0.242 
2062 5.3 ).257 
2203 4.7 0.213 
2256 4.5 0.200 
2208 4.0 0.181 
2130 5.1 0.239 
997 4.6 0.200 
2105 5.4 0.256 
2100 5.3 0,252 
2242 5.4 0.241 
2287 5.0 0.219 
2396 5.8 0.242 
2451 6.1 0,249 
2500-3000 Gm. 
2564 5.2 0.203 
2574 6.0 0).234 
2710 6.1 0.225 
2650 6.3 0.237 
2800 6.4 0.228 
2888 6.0 0.208 
9595 4.8 0.185 
2671 6.3 0.236 
2896 4.5 0.155 
2702 3.6 0.133 
2772 6.2 0.220 
2570 5.4 0.210 
Over 3000 Gm. 
3150 8.1 0.256 


3450 8.2 0.237 
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marked, there was an increase in heart weights, and the ratios of the 
heart weights to body weights were much higher than these figures. 

Corroborative evidence to show that these data represent an intrinsic 
increase in heart weight due to cardiae hypertrophy are available from 
starvation experiments. Voit®> found that the heart of a cat lost only 
3 per cent of its weight during such an experiment, whereas other or- 
gans lost much more. Morgulis,2* however, feels that Voit’s®® results 
are open to question because they have not been confirmed by other 
investigators. From Morgulis”’* tabulation of many investigations on 
various animals, it is evident that the proportion of heart weight to 
body weight after starvation is higher than in the normal animal, in- 
dicating that the heart loses less than other organs. Nevertheless, the 
disproportionately smaller loss of the heart as compared to other or- 
gans does not explain the high heart weight/body weight ratios in our 
animals. 

Simonds and Brandes® made calculations from the data of Junkers- 
dorf?* on starved dogs, and found a correlation between body weight 
and heart weight in normal animals and, also, that the coefficient of 
correlation between heart weight and final body weight in starvation 
was only slightly less than normal, indicating that in starvation the 
heart loses weight in almost the same proportion as the body as a whole. 
Since both the heart weights and the heart weight/body weight ratios 
were increased in our animals, we may say that they were not increased 
merely from inanition. If we assume that the heart does not lose weight 
as rapidly as the rest of the body, a high heart weight/body weight ratio 
is explicable, but this would not account for the actual increase in the 
heart weights of our thyroid-treated animals. Simonds and Brandes® 
showed that, in experimental hyperthyroidism in dogs, the mean, mini- 
mum, and maximum heart weight to final body weight ratios were con- 
siderably higher than in starved dogs. They also showed that the co- 
efficient of correlation between heart weight and final body weight was 
less in experimental hyperthyroidism, indicating that the heart does not 
lose to the same extent as the rest of the body. This failure of the heart 
to lose is due to actual hypertrophy of the heart caused by thyroid 
extract or a combination of thyroid extract and adrenalin. 


SUMMARY 


Adrenalin in oily or watery solution, alone and in combination with 
thyroid extract, was administered to thyroidectomized and intact rab- 
bits over varying periods of time. It was not possible to produce more 
than slight eardiae hypertrophy and myocardial degeneration with 
adrenalin, but the synergism between thyroid and adrenalin resulted 
in much more marked eardiae hypertrophy, myocardial fibrosis, and 


infiltrative lesions. 
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Thyroidectomy appeared to sensitize the animals to the effects of 
thyroid extract. Cardiac hypertrophy and myocardial damage were 
more marked in the thyroidectomized than in the intact animals which 
received thyroid, or thyroid and adrenalin. Treatment with an aqueous 
solution of adrenalin and thyroid resulted in much more marked effects 
on the heart than the slower, more prolonged, oily adrenalin solution 
and thyroid extract. 

Cardiae hypertrophy is contingent, not so much on a prolonged, as on 
an intense, effect of thyroid extract which is associated not only with 
a failure to gain, but is accompanied by a loss of about 25 per cent or 
more of the original body weight. When cardiae hypertrophy develops, 
there is an early rise in the heart weight/body weight ratio. Whether 
there was, as Stewart thought, an initial rise in heart weight caused by 
fluid retention, followed by an increase in muscle mass, is not possible 
to state. In our animals which were allowed after three or four weeks 
of treatment to maintain, rather than foreed to lose, weight, there was 
a fall of the heart to body weight ratio. We believe that the fall in 
ratio after an initial rise was not necessarily caused by edema of the 
heart followed by an increase in the muscle mass. The fall may have 
been due to the fact that the thyroid effect was not intense enough to 
stimulate the development of cardiac hypertrophy. 

A tolerance is quickly developed to thyroid extract in fairly large 
doses, and, when the effects of the drug have disappeared, they can be 
restored, as desired, by increasing the dose. 

The clinical course of, and necropsy observations on, three rabbits 
with cabbage goiter, which developed fatal hyperthyroidism after small 
doses of iodine, are discussed. Although hemithyroidectomy was per- 
formed in two instances, and iodine was stopped in all three eases, the 
alteration from hypothyroidism to hyperthyroidism was rapidly fatal 


in all. 


We wish to acknowledge our indebtedness to Dr. David Marine and Dr. Samuel 
H. Rosen for operating on the animals and for much help with all the experiments, 
and to Dr. Louis Leiter for suggestions in the preparation of this paper. 
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THE PRESENCE OF ELECTROCARDIOGRAPHIC CHANGES IN 
NICOTINIC ACID DEFICIENCY AND THEIR ELIMINATION 
BY NICOTINIC ACID 


M. RacumitewiTz, M.D., anp K. Braun, M.D. 
JERUSALEM 


HE only vitamin deficiency so far known to be associated with 

cardiovascular disturbances is that of vitamin B,, e.g., beriberi heart 
disease, which is manifested by cardiac enlargement and heart failure. 
Cardiac insufficiency caused by vitamin B, deficiency may occur also in 
aleoholic addicts, together with other manifestations of avitaminosis B, 
(Weiss and Wilkins'). In such eases, vitamin B, administration 
promptly results in clearing up the eardiae failure and in a decrease 
in the size of the heart. 

Cardiovascular symptoms have also been observed in another type of 
B avitaminosis, namely, pellagra, particularly in the aeute form. The 
symptoms consist mainly of dyspnea on exertion and palpitation. 
Cardiae enlargement and failure are not, however, mentioned as a 
special feature of pellagra. Electrocardiographie studies in pellagra 
have disclosed abnormalities in a large percentage of cases, consisting 
mainly in alteration of the S-T segment and inversion of the T wave 
(Feil*?). Sinee, in deficiency diseases in man, severai factors of the 
vitamin B complex may be lacking simultaneously, and since vitamin 
B, deficiency is known to be associated with changes in the electro- 
cardiogram, the electrocardiographie changes found in pellagra were 
attributed to B, deficiency. Mainzer and Krause* found a high incidence 
of abnormal electrocardiograms in pellagrins in Egypt, but believed that 
these changes were not characteristic of pellagra, and that their oceur- 
rence was not sufficient to conelude that they are caused by deficiency 
of nicotinie acid. As there was a parallelism between the course of the 
disease and the electrocardiographie changes, which disappeared rapidly 
in one ease after nicotinie acid therapy, they assumed that a causal rela- 
tionship may exist between these changes and the pellagra. 

In this paper we report the effect of nicotinic acid on the electro- 
cardiograms in two eases of nicotinie acid deficiency. Both patients 
presented the typical picture of pellagra, including pellagra dermatitis, 
and responded to treatment. A year later in one case, and six months 
later in the other ease, all of the visceral manifestations of pellagra re- 
appeared, but pellagra dermatitis was absent. In both cases there were 
marked abnormalities in the electrocardiograms, and in both instanees 
Medical Department ‘‘B,’’ Rothschild-Hadassah-University Hospital, Jerusalem. 
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a series of experiments was carried out to ascertain whether or not the 
nieotinie acid had a specific effect on the electrocardiographie changes. 


REPORT OF CASES 


Case 1.—A 30-year-old woman who had been suffering from repeated 
attacks of diarrhea for many months was admitted in a state of severe 
deficiency. She had stomatitis, glossitis, severe diarrhea, marked anemia, 
and mental disturbances. There was marked edema of the lower ex- 
tremities, as well as neuritic manifestations. The patient complained 
of palpitation and precordial pain. The heart was normal in size, and 
there were no signs of cardiae insufficiency. The heart sounds were 
feeble, the pulse rate accelerated, and the blood pressure, 110/80. 


Fig. 1A. Fig. 1B. 


Fig. 14.—Electrocardiogram taken before treatment. Flat T: and inverted T wave 
in Leads II, III, and IV. 

‘ig. 1B.—After six days of treatment with nicotinic acid. T wave in Leads II, 
III, and IV slightly inverted, 


The first electrocardiogram (Fig. 14) showed marked changes, namely, 
a flat T, and an inverted T,, T,, and T,. The patient was given an 
ordinary diet, plus 500 mg. of nicotinic acid daily by mouth. Her mental 
symptoms, stomatitis, and glossitis responded promptly; also, the diar- 
rhea diminished in severity. An electrocardiogram taken six days after 
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the beginning of treatment (Fig. 1B) showed marked improvement. The 
T waves were now only slightly depressed in Leads II and III, and not 
inverted as before. Nicotinic acid was now discontinued, and, during 
the following five days, only vitamin B, was given (40 mg. daily, in- 
travenously). This change in treatment was followed by an increase in 
diuresis and subsidence of the edema, but the mental and gastro- 
intestinal disturbances became worse. Another electrocardiogram (Fig. 
1C) disclosed that the abnormalities which were present on admission 


Fig. 1C. Fig. 1D. 


Nicotinic acid discontinued. Only B:, 40 mg. daily, given. Electrocardio- 
graphic changes similar to Fig. 1A. 

Fig. 1D.—After fourteen days of renewed nicotinic acid administration, practically 
normal electrocardiogram. 


Fig. 1C. 


had reappeared. Nicotinic acid was again given, with the result that, a 
fortnight later, a practically normal tracing was obtained. The T waves 
became positive in Leads I, II, and IV, and isoelectric in Lead III (Fig. 
1D). Intereurrent infections repeatedly exacerbated the deficiency 
state, in spite of continuous nicotinic acid administration. These exacer- 
bations and the improvement which followed them were reflected in the 
subsequent electrocardiograms. 

Case 2.—The patient was a 50-year-old man who was suffering from 
intestinal amebiasis. The first attack occurred in the summer of 1941. 
After three months of continuous diarrhea, the patient developed the 


i 


206 AMERICAN HEART JOURNAL 


typical signs of pellagra ; the latter responded promptly to nicotinic acid. 
In February, 1942, he again had an attack of diarrhea, which, after one 
month, produced a severe deficiency state. The patient was readmitted 
to the hospital March 26. This time all the visceral manifestations of 
nicotinic acid deficiency were present, particularly gastrointestinal and 
mental disturbances, but no cutaneous lesions were present. The patient 
was emaciated and dehydrated. The pulse was slow and feeble, the heart 
sounds dull. The heart was normal in size, both on elinical and fluoro- 
scopic examination. The blood pressure was 85/50. There were no signs 


Fig. 2A. Fig. 2B. 


Fig. 2A.—Marked changes in the T wave in all leads. 
Fig. 2B.—After six days of treatment with nicotinic acid, electrocardiogram normal. 


of heart failure and no edema was present. The electrocardiogram, how- 
ever, disclosed pronounced changes in the T waves in all leads (Fig. 
2A). The patient was first given a continuous intravenous infusion of 
saline (4 liters in three days). His condition improved noticeably, al- 
though the diarrhea continued and the condition of the tongue and 
mouth did not change. The second electrocardiogram, made Mareh 31, 
showed the same changes as before. Nicotinic acid treatment was now 
begun. The patient was given 500 mg. of nicotinic acid by mouth and 
100 mg. intravenously for six days, together with an ordinary mixed 
diet. At the end of this period the diarrhea stopped completely and the 
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appearance of the mucous membrane of the tongue and the buceal parts 
of the lips improved considerably, although he still complained of sore- 
ness and a burning sensation. The electrocardiogram made on April 7 
(Fig. 2B) was perfectly normal. The T waves had become upright in all 
leads. The patient remained in good condition in spite of discontinued 
medication, and his electrocardiograms also remained normal. Thus, in 
this case as in the preceding one, the administration of nicotinic acid had 
a prompt and definite effect on the heart, as evidenced by the electro- 
cardiograms. 
COMMENT 

Therapeutic tests in our cases justify the conclusion that the eleetro- 
eardiographic changes which oceur in pellagra are due specifically to 
nicotinie acid deficiency. In both cases the changes in the electro- 
cardiogram were shown to be reversible. 

What explanation ean be offered for the direct effect of nicotinic acid 
on the heart? 

Nicotinie acid is known to produce vasodilatation of the skin, as in- 
dicated by flushing in various parts of the body after administration 
of this drug. It is conceivable that nicotinic acid has the same effect on 
the coronary vessels, thus increasing the blocd supply of the heart. But 
it is doubtful whether blood vessels of visceral organs are at all affected 
by nicotinic acid. Investigations have shown that the blood flow through 
the brain is hardly inereased by this substance,* although the pial ves- 
sels were found to be dilated.’ Furthermore, the vasodilator action 
of nicotinie acid is, in general, transient in character; flushing of the 
skin usually disappears within half an hour.’ It seems likely, therefore, 
that the influence of nicotinic acid on the electrocardiographic changes 
is due to some more fundamental action. 

The most conspicuous changes produced in the electrocardiogram by 
nieotinie acid were observed in the T wave. Inasmuch as metabolic 
changes in the heart muscle are reflected in the T wave (anoxemia, thy- 
roid deficiency, and avitaminosis B,), any factor affecting the metabolism 
of the heart muscle may affect also the character of the T wave. 

Nicotinic acid is the chemically active fraction of the coenzymes which 
are essential for the intermediate metabolism of carbohydrates. <A 
marked diminution of coenzyme I in the striated muscle of human sub- 
jects, produced by deficiency of nicotinic acid, was recently reported by 
Axelrod, Spies, and Eivehjem,’ who assume that the decrease in the 
coenzyme content may affect the ability of the human muscle to carry 
out its oxidative function. The symptoms and signs of avitaminosis 
are regarded as the results of chemical disturbances of cellular function 
due to failure of coenzyme (Sydenstricker*). It seems logical, there- 
fore, to assume that an altered metabolic state of the heart is due to 
eoenzyme deficiency ; the resulting changes are reversible, i.e., they dis- 
appear promptly after the administration of nicotinic acid. 
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SUMMARY 
Two cases of nicotinic acid deficiency are reported; in both there 

were marked changes in the electrocardiograms, particularly in the T 
waves. Nicotinic acid administration resulted in prompt improvement 
in the nature of the electrocardiographie pattern, thus suggesting a 
specific effect of nicotinie acid on the heart, most probably the heart 
muscle. 
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A-V BLOCK IN A-V NODAL RHYTHM 


R. LANGENpDoRF, M.D., A. J. Sion, M.D., anp L. N. Karz, M.D. 
Cuicaco, ILL. 


URICULOVENTRICULAR rhythm (A-V nodal rhythm) is that 

rhythm in which the pacemaker controlling the entire heart resides 

in the A-V nodal tissue. A-V nodal rhythm was recognized and elassi- 

fied as upper, middle, and lower nodal rhythm as a result of animal 

experiments’ which demonstrated that the time relationship of auricu- 

lar and ventricular activity depended on the site of impulse formation 
within the A-V node. 

In the human electrocardiogram the diagnosis of A-V nodal rhythm 
is made on the basis of the P-R duration and the pattern and direction 
of the P wave. The P-R interval may vary from 0.12 second* to a 
negative value (an R-P interval). The P wave, which is of retrograde 
character, tends to be inverted in Leads II and III, and small and up- 
right in Lead I.8 In exceptional instances, an upright P wave occurs 
in all the limb leads, with a P-R interval of less than 0.12 second; such 
rhythms are classified as A-V nodal rhythm.*?° In these cases the 
pacemakers must be located closer to the ventricles than the sinus node, 
presumably in the A-V node; otherwise, we must assume that a special, 
fast-econducting path exists between the sinus pacemaker and the ven- 
tricles. If these are A-V nodal in origin, the absence of a retrograde 
pattern could be due to intra-auricular block, making the path resemble 
that of sinus beats, or to the fact that the part of the A-V node which 
gives rise to the beat lies in such a position with respect to the sinus 
node as to lead to a spread in the auricles similar to that from the sinus 
node. This latter and more likely possibility could apply only to those 
strands of the A-V node which surround the coronary sinus and lie to 
its right. It is for this reason that this type of nodal rhythm has been 
regarded by us as exemplifying so-called coronary nodal rhythm. Oth- 
ers'! 12 have attributed such rhythms to pacemakers in dispersed islets 
of specific muscular tissue in the auricles. There are animal experiments 
to show that the P wave in A-V nodal rhythm need not be inverted,'* 
and that inverted P waves may occur in sinus rhythm with intra- 
auricular block.1* '* A special group of cases has been described as 
coronary sinus nodal rhythm'® when P is inverted and P-R is longer 
than 0.12 second, but the experimental evidence for this classification 
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*We are excluding from this discussion cases of short P-R and prolonged QRS of 
the type described by Wolff, Parkinson, and White,’ which have been given various 
interpretations. 
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has been questioned.'* Wenckebach and Winterberg'* believe that it is 
impossible to separate the different portions of the A-V node function- 
ally or anatomically. They follow the terminology of Clere and Pezzi'® 
in ¢lassifying both upper nodal, and so-called coronary nodal, rhythms 
as supranodal rhythm. 

In most classifications of nodal rhythm the assumption is made that 
the impulse spreads at normal speed toward both the auricles and ven- 
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Fig. 1.—-In segment A, Lead I shows an upright P wave preceding the QRS (P-R 
interval) by 0.22 second. The rate is 60, and regular. Leads II and III show an 
inverted P wave preceding the QRS (P-R interval) by 0.18 second. The rate is 
irregular and averages 55. Segment B, taken six weeks after C, shows upright P 
waves in all limb leads, with a prolonged P-R interval of 0.26 second. The rate is 
fairly regular at 65.- Segment C, taken five months after A, shows an upright P wave 
in Leads I and III, with a P-R interval of 0.21 second and an average rate of 62. 
In Lead II the first two ventricular complexes are preceded by an upright P wave, 
with a P-R of 0.21 second; following this, the P wave is inverted and the P-R in- 
terval 0.16 second. Discussed in text. 
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tricles from the site of impulse formation. Evidence has accumulated, 
both in animal experiments'* *°-?? and in the analysis of human electro- 
cardiograms,”* *4 that delay, or even complete blockage, of the A-V 
nodal impulse on its way to the ventricles (antegrade block) or on its 
way to the auricles (retrograde block) oceurs. It is evident that, under 
these circumstances, the usual criteria for the diagnosis and classification 
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Fig. 2.—In segment A, taken five weeks after Fig. 1, C, the QRS duration was 0.12 
second. An inverted P wave following the QRS at an R-P interval of 0.16 second 
is seen in all limb leads. The rate is 72. Segment B, taken two days after A, shows 
an inverted P wave in Leads II and III preceding the QRS at a P-R interval of 0.16 
second. In Lead I the P wave is indiscernible. P is upright in CF2 and CF. The 


rate is 66. Discussed in text. 
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of A-V nodal rhythm need not apply.® 7°-? 
electrocardiograms is presented to illustrate this fact. 

The records were obtained on a 49-vear-old white man who had been 
suffering from attacks of angina pectoris for two years prior to his entry 
into the hospital in April, 1942. The electrocardiograms presented in 
Figs. 1 and 2 were taken over a period of seven months, and the last 
one, Fig. 2, B, was taken forty-eight hours before the patient’s death. 
Autopsy revealed severe sclerosis and narrowing of both left and right 
coronary arteries, with recent, extensive infarction of the left ventricle 


In this report, a series of 


and interventricular septum. 

The mechanism in Fig. 1, B is obviously sinus rhythm, with first 
degree A-V block. Fig. 1, A and C shows the transition from upright P 
waves, with P-R prolonged to 0.21 and 0.22 second, to inverted P waves 
with P-R intervals of 0.18 and 0.16 second; the upright P waves in Fig. 
1, C resemble those of corresponding leads in Fig. 1, B. It seems logieal, 
therefore, to conclude that Fig. 1, A and C is an example of transition 
from sinus to A-V nodal rhythm in the presence of first degree A-V block. 
In this instance, the long P-R intervals whieh follow the inverted P 
waves in Leads II and ITT, 0.18 and 0.16 second, respectively, are there- 
fore due to the A-V block in the presence of A-V nodal rhythm, and not 
to, the alternative explanation, sinus rhythm with intra-auricular block 
of such a nature as to invert the P waves. 

The inverted P waves in Fig. 2, B resemble those in Fig. 1, A and C, 
and the P-R interval is of the same order, i.e., 0.16 second. It is there- 
fore apparent that the heart, at the time Fig. 2, B was recorded, was 
controlled by a subsidiary pacemaker in the A-V node; prolongation of 
the P-R interval beyond the accepted upper limit for A-V nodal rhythm 
again results from A-V block, as it did when tracings 1, A and C were 
recorded. This suggests that every instance of a rhythm with sharply 
inverted P waves in Leads II and III, accompanied by a P-R interval 
of more than 0.12 second, represents A-V nodal rhythm with A-V block, 
rather than sinus rhythm with intra-auricular block. 

Since the P-R interval in A-V nodal rhythm may be longer than 0.12 
second, the subdivisions of A-V nodal rhythm may not be justified; 
antegrade or retrograde block can lead to different P-R intervals as 
readily as can different locations of the pacemaker in the A-V node 
(Fig. 3). In A-V nodal rhythm the P-R interval is, of course, equal 
to the conduction time from the pacemaker to the auricles, less that 
from the pacemaker to the ventricles. A positive P-R means that the 
antegrade conduction time exceeds the retrograde, and a negative P-R 
(an R-P interval) means the reverse. Regardless of the location of 
the A-V nodal pacemaker, block below it may lead to a positive P-R in- 
terval, and block above it may lead to a negative P-R interval. In fact, 
complete block above the A-V nodal pacemaker would abolish retrograde 
P waves; the auricles would be at a standstill or under the control of 
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some other pacemaker. The assumption in this, as in other forms of 
A-V nodal rhythm, is that the sinus node is inactive or that its impulse 
cannot get through an S-A block. Likewise, in complete block below the 
A-V nodal pacemaker, there would arise a most peculiar condition, with 
the auricles under the control of the A-V nodal pacemaker and the 
ventricles under the control of another (idioventricular) pacemaker. 
Furthermore, if first degree blocks exist both above and below the 
A-V nodal pacemaker, their relative severities will determine the position 
of P with regard to QRS (Fig. 3). In our particular case, the simplest 
explanation is that the prolonged P-R interval in the records with A-V 
nodal rhythm was caused by block in the A-V junctional tissues, ex- 
elusively or predominantly below the site of nodal impulse formation. 
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Fig. 3.—Diagram illustrating effect of A-V block on A-V nodal rhythm. A repre- 
sents sinus rhythm; , A-V nodal rhythm so located that the impulse reaches au- 
ricles and ventricles simultaneously. C, D, EH, and F represent A-V nodal rhythm 
originating in the same site as B, but with A-V block present. In C, the block is in- 
complete and located below the pacemaker; in D, it is above the pacemaker; in BL, 
it is both above and below the pacemaker and of such degree that the impulse reaches 
the auricles and ventricles simultaneously. In F, the block is above the pacemaker 
and is complete. Diagrammatically, in each segment the pattern of spread is indi- 
cated above (arrows showing direction) and the electrocardiogram below. In the 
upper part, the various parts of the heart through which the impulse may spread are 
indicated by labeling at the left, the horizontal lines serve to separate these, and 
their intersection by the inclined lines indicates the time the impulse arrives at each 
region. Dots show location of pacemaker; inclination of lines leading from it shows 
the rate of conduction. In the electrocardiogram, P, QRS, and T are labeled, and 
the letter R is used to indicate QRS. The inverted P wave indicates retrograde P; 
where P coincides with QRS this is indicated by R (+P). Discussed in text. 


It is necessary to account for the fact that, in Fig. 1, A and C, the 
P-R interval of the A-V nodal rhythm is shorter than that of the sinus 
rhythm. Of the three factors here involved, two depend on the fact 
that all measurements of P-R express the relation between the onset 
of stimulation of the auricles and that of the ventricles. The first of 
these rests more specifically on the fact that the sinus impulse traverses 
the A-V junction only in the antegrade direction, whereas the A-V 
nodal impulse travels in part in a retrograde direction. In sinus rhythm 
the P-R is the sum of the time intervals occupied by the impulse while 
it is traveling from the auricle to the point where the A-V nodal pace- 
maker may arise, and from this site to the ventricles. In A-V nodal 
rhythm it is equal to the difference between these two intervals. The 
second factor depends on the fact that the sinus impulse must traverse 
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the auricles, in part, before reaching the region of the A-V node and 
passing on to stimulate the ventricles. This part of the intra-auricular 
conduction time is omitted in the measurement of P-R in retrograde 
stimulation from the A-V node (Fig. 3). This period measures 0.035 
second in the dog,?* *° and is probably longer in the human heart. The 
different speed of conduction through A-V nodal tissues in antegrade 
and retrograde directions constitutes the third factor. In the mam- 
malian heart it is assumed that, under normal conditions, retrograde con- 
duetion through the A-V nodal tissues is slower than antegrade con- 
duction. This is supported by the clinical experience that R-P inter- 
vals of 0.16 to 0.19 second are more frequently observed in A-V nodal 
rhythm than are P-R intervals longer than 0.12 second. Of these three 
time factors which determine the difference between sinus and A-V nodal 
P-R duration, the intra-auricular conduction time is obviously inde- 
pendent of the site of origin of A-V nodal rhythm, whereas the influence 
of the other two, intrajunctional and retarded retrograde conduction, 
will vary according to the site of the pacemaker within the A-V nodal 
tissues. 

Fig. 2, A requires special consideration. If one assumes that the 
site of impulse formation is the same as that in Fig. 2, B, the R-P in- 
terval must be explained by a shift of the block to a location above this 
site; or, if block existed both above and below the nodal pacemaker, the 
one above has now become dominant. The prolonged QRS must be ex- 
plained by the existence of an additional region of block in the path to 
one of the bundle branch systems. There is an alternative and simpler 
explanation for Fig. 2, A, namely, that the pacemaker has shifted to a 
region below the bifurcation of the common bundle, with consequent 
aberrant spread to the ventricles and retrograde conduction to the 
auricles. The R-P interval in Fig. 2, A measures 0.16 second, and would 
correspond at most to a P-R of 0.20 second in the case of sinus rhythm, 
if correction is made for the intra-auricular time factor (but not for 
slower retrograde conduction). 

A-V nodal rhythm with A-V block can be diagnosed when P-R is 
greater than plus 0.12 or minus 0.19* second and the characteristic 
retrograde P-wave pattern is present. It does not follow, however, that 
A-V block is absent when P-R intervals between plus 0.12 and minus 
0.19 second are found, for it is quite possible that block may exist above 
and below the A-V nodal pacemaker without either one predominating 
(Fig. 3), or that the site of block and the site of impulse formation 
are such as to neutralize each other in their effect upon the resultant 
P-R interval. 

*These figures for the limits of P-R in A-V nodal rhythm, beyond which A-V block 
must be assumed to be present, may not be accurate. Their precise values could be 
established if it were possible to ascertain (a) the shortest time for revrograde con- 
duction when the impulse originates in the uppermost region of the A-V node, (b) 
the shortest time for antegrade conduction when the impulse originates in the lower- 


most portion of the A-V node, and (c) the normal retardation of retrograde conduc~ 
tion when the impulse originates in the lowermost portion of the A-V node, 
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SUMMARY AND CONCLUSIONS 

1. A ease is presented in which electrocardiograms that were taken 
over a period of seven months showed evidence of impaired A-V con- 
duction. Comparison of records showing sinus rhythm with records 
showing a rhythm with retrograde P waves and a P-R longer than 0.12 
second led to the diagnosis of A-V nodal rhythm with A-V block. 

2. The effect of first degree A-V block on a rhythm originating in 
the A-V node is discussed. It is pointed out that the position of P 
with respect to QRS in A-V nodal rhythm is determined by two factors, 
namely, (a) the site of impulse formation in the A-V node, and (b) the 
speed of impulse conduction above and below the pacemaker. 

3. The classification of A-V nodal rhythm as upper, middle, and lower 
nodal rhythm is not applicable in the presence of A-V block. Depres- 
sion above the nodal pacemaker (retrograde block) will shorten the P-R 
interval and tend to convert it into an R-P interval; depression below 
the nodal pacemaker (antegrade block) will prolong P-R and tend to 
convert an R-P into a P-R interval. 

4. The pattern of retrograde conduction (deeply inverted P, and P,, 
with small P,) appears to be sufficiently characteristic to warrant a diag- 
nosis of A-V nodal rhythm even when the P-R interval is longer than 
0.12 second. 

5. Corrections must be made for intra-auricular conduction time and 
for retarded retrograde conduction in comparing the P-R of sinus 
rhythm with the P-R (R-P) of nodal or idioventricular rhythm; and, 
in nodal rhythm, corrections must be made for a third time factor, al- 
lowing for impulse spread in both directions before inscription of P 
or QRS. 

6. In the presence of the pattern of retrograde conduction to the 
auricles, a P-R over 0.12 or an R-P over 0.19 second indicates A-V block ; 
however, a P-R or R-P of shorter duration does not necessarily indi- 
eate absence of A-V block. Thus, localization of the pacemaker to a dis- 
tinet portion of the A-V node based on the relationship of P to QRS 
may be fallacious. 

7. The above conclusions regarding rhythms originating in the A-V 
nodal or ventricular tissues are also applicable to single beats originat- 
ing in these same sites. 
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ATYPICAL COARCTATION OF THE AORTA, WITH ABSENCE 
OF THE LEFT RADIAL PULSE 


A. GRISHMAN,* M.D., M. L. Sussman, M.D., anp M. F. Sterpere, M.D. 
New York, N. Y. 


“OO MUCH has been said and written about coarctation of the aorta, 

that new records of cases can have little value unless they reveal 
new features of interest and importance to the study of the condition.”’ 
With these words, Sir Thomas Lewis began his excellent article about 
coarctation, in 1933.1. The clinical picture of this congenital abnormal- 
ity has become well known, so that its diagnosis is made rather fre- 
quently during life.?~* 

Anatomically, coarctation consists of a narrowing, stenosis, or com- 
plete atresia of the isthmus of the aorta, usually beyond the origin of the 
subelavian artery and involving its orifice, but sometimes situated prox- 
imal to its origin. Coarctation usually does not occur as a very localized 
narrowing of the aorta. Ordinarily, the wall is involved to an extent of 
1 to 3 inches, or even more. 

The clinical picture depends upon the degree of the obstruction of the 
thoracic aorta and the development of compensatory collateral eir- 
culation. It follows that the signs are vascular, rather than cardiac. 
Retardation, with diminution or absence, of pulsation in the femoral 
artery, a lowered blood pressure in the lower extremities, and hy- 
pertension in the upper part of the body are the most important 
diagnostic signs of coarctation. These abnormalities are pathognomonic 
when they oceur in combination with tortuous, dilated, pulsating vessels 
in the neck and thorax. Frequently, but not always, scalloping of the 
ribs is present as a result of pressure by the dilated intercostal arteries. 
When the diagnosis is considered, it can be established easily. When 
there is no discrepancy in the blood pressures in the upper and lower 
extremities and the femoral pulse is not diminished, the diagnosis be- 
comes difficult, if not impossible, unless special methods of examination 
are employed. 

We present three cases of anatomic coarctation of the aorta in which 
the symptomatology differed so considerably from the common type 
that it is described as atypical coarctation of the aorta. 

Case 1 (M. M., 472489) .—This was the first admission of this 18-year- 
old schoolgirl to the First Medical Service of the Mount Sinai Hospital. 


In the preceding four years there had been twelve admissions to another 
hospital for what was thought to be atypical tuberculosis of the spine. 
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Her eardiovascular abnormalities were discovered incidentally. Six 
months prior to this admission, absence of arterial pulsations in the left 
arm was noted. The blood pressure was reported to be 164/86 in the 
right arm and 110/70 in the left arm. 


Fig. 1.—Case 1. M. M., female, aged 18 years. 
The conventional roentgenogram shows slight enlargement and rounding of the 
left ventricle. 


The report of the clinical observations will be limited to the cardio- 
vascular system. <A systolic murmur was heard over the preeordium; it 
extended to the left infraclavicular area and posteriorly to the left of the 
spine. Pulsations of the intercostal arteries, accompanied by a thrill, 
were felt over the back, particularly over the second, third, and fourth 
intercostal spaces to the left. A faint radial pulse was palpable on the 
left side. No axillary or brachial pulsations could be felt. A thrill could 
be felt over the left carotid artery, but not over the right. ‘The right 
radial, and both femoral, pulses were normal. 

By oscillometrie means, the blood pressure was found to be 164/82 in 
the right, and 120/85 in the left, arm. The blood pressure in the legs 
was 174/104. While under observation the patient had several attacks 
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of severe headache, nausea, and vomiting, during which the blood pres- 
sure was found to be 220/110. Oscillometrie readings were normal in 
the right arm and both legs, whereas the maximum in the left arm was 
found to be 0.5 (Boulitte apparatus). The electrocardiogram showed 
left axis deviation. The phonocardiogram revealed a late systolic mur- 
mur over the aortie and pulmonie areas, and posteriorly to the left of the 
spine. 


Fig. 2.—Case 1. 

Angiocardiogram, left lateral. In comparison with the ascending aorta, the des- 
cending aorta is hypoplastic throughout. Slight, but distinct, narrowing of the aorta 
just distal to the arch (white arrow). The innominate and left common carotid are 
well shown, but the left subclavian is not visualized at all. The left internal mam- 
mary artery is visible (black arrow), and appears to be slightly dilated and tortuous. 


Polygraphie tracings revealed the following: The time relationship 
of simultaneous right radial and femoral pulse tracings was normal. The 
left radial pulse showed a slow rise, reaching its maximum in 0.22 second. 
The configuration of the femoral pulse tracing was normal, whereas that 
of the left carotid artery revealed an anacrotie notch. 

A conventional roentgenogram showed slight enlargement of the heart 
to the left, but no other abnormality. Angiocardiographie examination 
showed that, as compared with the ascending aorta, the descending aorta 
had a small ealiber, with a maximum diameter of 1.3 em. in the thorax, 
or even less (1 em.) in its abdominal portion. There was slight, but 
distinct, narrowing of the aortic lumen just distal to the arch; this 
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extended for about 3 em. Although the innominate and left common 
carotid artery were well demonstrated, the left subclavian artery was not 
visualized, and presumably was absent. 


Case 2 (B. D., 483259) .—This was the first admission of this 28-year- 
old woman to the Second Medical Service of the Mount Sinai Hospital. 
Shortly after childbirth, nine months earlier, she developed symptoms of 
cholelithiasis. The blood pressure in the right arm was 120/50, but it 
could not be measured in the left arm. Neither the left axillary, 
brachial, nor radial pulses could be felt. The arm, however, was warm 
and showed no atrophic changes. It appeared perfectly normal, and 
had never given rise to any complaints. The blood pressure in the legs 
was 170/70. No evidence of collateral circulation over the back or in the 
intercostal spaces could be demonstrated. 


Fig. 3.—Case 3. B. P., male, aged 31 years. 

The conventional roentgenogram shows no abnormality other than what appeared 
to be several nodular dilatations of the descending aorta (not visible in the repro- 
duction). 


The electrocardiogram revealed no abnormality. 

A phonocardiogram revealed the following: There was a systolic 
murmur over the aortic area. Only a faint systolic murmur was re- 
corded over the right subelavian and right carotid arteries, and there 
was a late systolic murmur of high frequency and of very high ampli- 
tude over the left carotid artery. 

Polygraphie tracings revealed that the peak of the right carotid 
pulse was reached in 0.09 to 0.10 second (normal), whereas that of the 
left carotid pulse was reached in 0.14 to 0.16 second (‘‘stenotie pulse’’): 
The left radial pulse tracing was of very low amplitude, and showed a 
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slow rise, reaching its peak in 0.24 to 0.26 second. The relationship be- 
tween the right radial and the femoral pulses was normal, i.e., the rise 
of the femoral pulse preceded that of the radial pulses. 

The conventional roentgenogram revealed no abnormality. 

Angiocardiographiec examination showed an aorta of normal caliber, 
with suggestive, but not entirely definite, narrowing at the isthmus. 
Although the innominate and left common carotid artery were well 
visualized, the left subclavian artery could not be seen, and presumably 
was absent. 


Fig. 4.—Case 3. 

Angiocardiogram, left lateral. The aorta is irregular in outline. At the isthmus 
and slightly beyond the arch are two points of slight constriction of the aorta. The 
innominate and left common carotid artery are well visualized and do not appear 
grossly abnormal. The left subclavian artery is occluded about 1 cm. from its origin 
(white arrow). The left internal mammary artery is moderately tortuous and dilated 
(black arrow). 


Case 3 (B. P., 490179).—This was the first admission of this 31-year- 
old soda clerk to the First Medical Service of the Mount Sinai Hospital. 
The complaint for which he sought admission was numbness and tingling 
in the left upper extremity, which had been present for about six years. 
These symptoms occurred most often after exercise, and subsided after 
rest. About one year before admission he had an attack of severe, crush- 
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ing, parasternal pain which lasted several hours; this was thought by 
his physician to be caused by acute coronary thrombosis. The eleetro- 
cardiogram at that time showed a notched QRS. and an inverted T,. 
The patient was kept in bed for three months. He was then well except 
for cramps, numbness, and blanching of the left arm after exercise. 
During the week before admission he experienced dull aching pain over 
the left side of the chest and left arm. There was no history of orthop- 
nea, dyspnea, or edema. 

Examination showed that the patient was of muscular build and did 
not appear ill. The abnormal signs were limited to the vascular system. 

By percussion, the heart appeared to be somewhat enlarged. There 
was a rough systolic murmur over the aortic area, which appeared even 
louder over the right subelavian, right carotid, and left carotid arteries. 
Only a flicker of pulsation could be felt in the left subelavian, axillary, 
brachial, and radial arteries, and the blood pressure could not be ob- 
tained in the left arm by the auscultatory method. By the oscillometrie 
method it was found to be about 130/90. In the right arm the blood 
pressure was 180/88. The pulses of the lower extremities were all nor- 
mal, and the blood pressure was about 210/110 by the oscillometric 
method. No evidence of collateral circulation could be found over the 
back in the intercostal spaces. 


Right 
radial 
artery 
Left 
femoral 
artery 


B. 


Left 
radial 
artery 
Left 
femoral 
artery 


Fig. 5.—Case 3. 
Simultaneous radial and femoral arterial pulse tracings. 

A, The relationship between the right radial and the femoral is normal, i.e., the 
rise of the femoral pulse precedes that of the radial pulse. The configura- 
tion of the pulses is normal. 

B, The left radial pulse has a very slow rise. Its relationship to the femoral 
pulse is normal, as is that of the right radial artery. 


The electrocardiogram revealed no abnormality. 

A phonocardiogram revealed the following: There was a systolic 
murmur of high amplitude over the right subelavian, right carotid, and 
left carotid arteries. No murmurs could be recorded over the spine. 

Pulse tracings taken over the left carotid artery revealed an anacrotie 
noteh and a few vibrations in the systolic portion. The left radial pulse 
had a very slow rise, reaching its maximum after 0.28 second. The rela- 
tionship between the right radial and the femoral pulses was normal, 
i.e., the rise of the femoral pulse preceded that of the radial pulse. 

A conventional roentgenogram of the chest showed no abnormality 
other than what appeared to be several nodular dilatations of the 
deseending aorta. Angiocardiographiec examination showed that the 
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aorta had an irregular outline, although no aneurysm was present. At 
the isthmus and several inches beyond the arch, there were two points 
of slight constriction of the aorta, suggesting mild coarctation. The 
innominate artery and its branches and the left common earotid artery 
were well visualized and did not seem grossly abnormal. The left sub- 
elavian artery, however, was occluded about 1 em. from its origin. 
DISCUSSION 

The common features of these three cases are summarized as fol- 
lows: 

All of them showed anatomically a relatively extensive involvement 
of the aorta at the isthmus and the distal portion of the arch, causing 
a slight narrowing. However, there was no obstruction to the blood 
flow in the thoracic aorta. This explains the fact that the relationship 
of the blood pressure in the lower, to that in the upper, extremities 
was normal, and that the pulse wave in the femoral artery was not re- 
tarded. However, in all three eases the orifice of the left subclavian 
artery was obstructed, resulting in almost complete absence of the left 
radial pulse. The origin of the left common carotid artery presumably, 
also, was narrowed, for there was a stenotic pulse, as well as a systolic 
murmur and thrill. In the third ease even the orifice of the innominate 
artery seemed to be involved. The aorta in the first case was hypoplastic 
beyond the isthmus; the same patient also showed collateral circulation. 

Hypertension was present in two eases. Two possible mechanisms 
have been suggested. By some, the hypertension is thought to be caused 
by renal ischemia, as suggested by the experimental work of Goldblatt.° 
Hypertension has been produced by several workers by clamping the 
aorta at various levels. A mechanical cause for the hypertension is sug- 
gested by Maycock’s case. Here the stenosis was below the origin of 
the renal arteries, yet there was a blood pressure of 220/80 in the arm. 
The presence of an elevated diastolic pressure in the lower extremities, 
which is found in only about half of the cases,’ is not necessarily an ex- 
pression of the general distribution of peripheral resistance,*® for it may 
well represent a compensatory mechanism similar to that encountered 
oceasionally in aortic stenosis when a high diastolic pressure is present. 
Erosion of the ribs was not present in any of the cases. 

In contrast to typical coarctation, there was no discrepancy between 
the blood pressures in the lower and upper extremities, no diminution 
of the femoral pulsations, and no retardation of the pulse wave in the 
lower extremities. 

There is no report in the literature of a case in which the clinical 
diagnosis has been made in the presence of the abnormalities described 
above. Pathologically, three similar cases have been reported, two by 
Faweett? from the old reeords of Guy’s Hospital, which showed a slight 
ridge at the isthmus (Cases 14 and 16). The third case, reported by 
Binder.”® in 1919, almost duplicates the conditions in. our first case. In 
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his ease the circumference of the ascending aorta was given as 6 em., that 
of the distal portion of the arch as 3.4, the isthmus as 3.1, and the 
descending aorta as 3.4 em. At the isthmus the lumen was slightly ir- 
regular, especially in the region of the insertion of the ligamentum 
arteriosum of Botallo. The initial portion of the cervical vessels was 
remarkably stiff, thickened, and slightly narrowed. Involvement of the 
whole arch of the aorta has been recently reported by Franke"! in a case 
of typical coarctation. 
CONCLUSION 


A hitherto undescribed syndrome of atypical coarctation of the aorta, 
with absence of the left radial pulse, is discussed. Its presence may be 
suspected by clinical and polygraphie examinations, but can be proved 
only by angiocardiographie examination. 
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ELECTROCARDIOGRAPHIC STUDIES AFTER SURGICAL 
OPERATIONS ON THE HEART 


Harotp Ferri, M.D., anp ALPERIN, M.D. 
CLEVELAND, OHIO 


HE present observations concern the evolution of the electrocardio- 
grams of patients who were subjected to cardiae operations by Dr. 
Claude 8S. Beck. This paper supplements a previous report’ of observa- 
tions made during ecardiae operations by the same surgeon. The opera- 
tions were of two types: (1) operations for chronic cardiac compression 
(24 cases), and (2) operations for coronary artery sclerosis (21 cases). 
The predominant electrocardiographie abnormalities during the opera- 
tions for chronic cardiac compression were ventricular premature beats, 
ventricular tachyeardia, and, occasionally, RS-T deviations; during the 
operations for coronary artery disease, isolated ventricular beats, 
ventricular tachyeardia, and deviations of the RS-T segment were of 
frequent occurrence. Stewart and Bailey? reported electrocardiographic 
studies during the course of pericardiectomy in six cases. Their ob- 
servations were similar to ours except that auricular tachycardia, 
auricular fibrillation, and auricular flutter occurred in one of their eases, 
and ventricular fibrillation, nodal rhythm, and shifting pacemaker were 
not noted in their series. Changes in the RS-T interval were not present 
to any significant degree in their eases. Serial electrocardiograms which 
were taken for months after operation showed surprisingly few changes 
in the form of the T waves and RS-T segments in their cases. 


STUDIES AFTER OPERATION FOR CHRONIC CARDIAC COMPRESSION 

Twenty-four cases were observed from fourteen days to seven years 
after the operation (Table I). Regular sinus rhythm was present in 
sixteen cases throughout the period of observation; persistent auricular 
fibrillation was present in five cases; auricular flutter was seen in two pa- 
tients, and, in one, auricular flutter was followed by persistent auricular 
fibrillation. Efforts to convert auricular fibrillation to normal rhythm 
were ineffectual. Ventricular premature beats occurred occasionally in 
ten cases, usually during the early postoperative course. Auricular pre- 
mature beats were observed in one case early in convalescence. The 
following case is illustrative of this group: 

L. G., a white man, aged 43 years, presented the typical clinical picture 
of chronie eardiae compression. He was cyanotic and the superficial 
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TABLE I 
CHRONIC CARDIAC COMPRESSION 
VENTRICU- 
ULAR AURICULAR area LENGTH OF 
RHYTHM PREMA- : FIBRILLA- OBERVATION 
NO. ower PREMATURE FLUTTER 
BEATS 
BEATS 
1. Normal 1 8 
2. Normal 2 6 
3. 2 mo. post- Pre- and 2 
operative postoper- 
itive 
4. 2nd and and 6 
year postoper- 
5. Normal ative ] ! 
6. Normal Ist and 2nd 2 15 
month 
Normal 18 
8, Normal 3 months 3 
9. Normal 14 
10. Normal 19 
11. Normal Immediately 1 
postoper- 
ative 
12. Normal 2 
13. Normal 6 mo. 6 
14. Immediately Pre- and 9 
postoper- postoper- 
ative ative 
15 Normal 1 
16. Continuous Pre- and 1 
2nd week postoper- 
on stive 
17. Normal 4 months 5 
18. Normal i 
19. 3rd week Pre- and 10 
on postoper- 
20. 2 vr.,6 mo. Pre- and ative to 
postoper- érd day 8 
ative 
zi. 2nd day 1 yr., 8 mo. 1 8 
22. Normal 4 months 3 10 
25. Normal 3 
24. Normal Wandering pacemaker pre- and postoperative ] } 


Normal mechanism two months later 


veins were distended. There were pleural effusion and ascites; the liver 
was considerably enlarged. The heart was not enlarged, there was no 
palpable precordial activity, and the heart sounds were feebly heard. 
Pericardiectomy was suecesstully performed and the convalescence 
was uneventful. He was followed for a period of two years, during 
which period he was able to return to his work. His electrocardiograms 
(Fig. 1) illustrate the typical electrocardiographie pattern in this group 
of cases. 

A, Taken postoperatively, shows moderately low voltage of QRS and 
inversion of T in Leads IT, III, and IVR. 

B, Taken twenty-four hours postoperatively, shows increased right axis 
deviation and a slight increase in amplitude. 

C, Taken almost ten months after operation, shows increased ampli- 


tude of QRS. 
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D, Taken one year and eight months after operation, shows normal 
amplitude of QRS, slight inversion of T in Leads I and II, and a sharply 
negative T in Lead IVR. 

The chief change in this record is the increase in the amplitude of all 
complexes and slight variations in T. These changes are similar to those 
in a previous report concerning the electrocardiographic changes in cases 
of cardiac compression.* 


Ld. lt 


Fig. 1. 


There were eight cases in which there were slight changes in the 
RS-T segment, and these occurred at varying times during the post- 
operative period. These observations are summarized in Table LI. 

The preoperative low amplitude of the electrocardiogram (Table 
III) is probably due to a number of factors: (a) atrophy of cardiac 
muscle caused by the chronic cardiac compression and the reduced 
coronary artery flow, the result of reduced cardiac output; (b) the in- 
sulating effect of the scar;* and (ec) the accumulation of fluid in the 
body cavities and the increase in extracellular fluid. Roberts and Beck° 
showed that the cardiac muscle fibers were smaller than normal as a 
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CHRONIC CARDIAC COMPRESSION; CHANGES IN RS-T SEGMENTS 


CASE NO. RS-T CHANGES LIMB LEADS 


TIME OF OCCURRENCE 


Lead ITI 

Leads I and III 
Leads I and II 
Lead I 


5. Slight elevation 

ms Slight depression 
Slight elevation 
Slight elevation 


Isoelectric All leads 
8. Slight elevation Lead I 
Slight depression Lead III 
Slight depression Lead IIT 
Slight depression Lead I 
10. Slight elevation Leads If and III 
15. Slight depression Leads I and II 
Isoelectric All leads 
Slight depression All Jeads 
19. Slight depression All leads 
20. Slight depression Leads II and III 
Isoelectric Leads II and III 
Slight depression Leads II and III 
24. Slight depression Lead I 
TABLE III 


1 yr., 1 mo. postoperative 
Preoperative 

Immediately postoperative 
1 day postoperative 

2nd day on 

2nd day postoperative 
2nd day postoperative 

2 weeks postoperative on 
3 weeks on 

6 months 

Immediately postoperative 
1 week later 

1 month 

Immediately postoperative 
Immediately postoperative 
year 

2 years 

[Immediately postoperative 


CHRONIC CARDIAC COMPRESSION (VOLTAGE) 


INCREASE 
AFTER 
OPERATION 
(NORMAL 
BEFORE 
OPERATION ) 


NORMAL 
BEFORE 
OPERATION 


ETURN TO 
OPERATION NORMAL AFTER 

OPERATION 


LOW AFTER 
OPERATION 


NO 
CHANGE 


LIMB LEADS 
20 (57.1%) 
CHEST LEADS 
16 (45.7%) 13 (81.2%) 


12 (60.0%) 8 (49.0%) 7 (46.7%) 15 (42.9%) 8 (53.3%) 


10 (52.1%) 


3 (18.8%) 9 (47.9%) 19 (54.3%) 


result of chronic cardiae compression in both experimental and clinical 
eases. On the other hand, Katz, et al.,° reported the electroeardiographic 
observations in three cases of brown atrophy of the heart. In all cases 
there were left axis deviation and normal amplitude of the complexes. 
There was usually some immediate postoperative increase in the ampli- 
tude of QRS in our cases, and this suggests that the most important 
factors in bringing this about are: the increase in eardiae output, the 
result of release of the heart from the glove-fitting compression scar ; 
the improvement in coronary flow, the result of both inereased cardiac 
output and release from cardiac compression; the removal of the in- 
sulating sear; and the diminution in the extracellular fluid. This in- 
crease in amplitude was usually progressive until normal values were 
recorded. The T-wave changes were inconstant and not uniform in the 
serial records (Table IV). This is in agreement with Stewart and 
Bailey,? who stated that ‘‘Serial electrocardiograms which were taken 
for months after operation showed surprisingly few changes in the form 
of the T waves and R-T segments.’’ The dissection of the pericardial 


sear may be between its layers rather than between scar and myo- 


eardium. 
five vears after operation.* 
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This was so in one case in which an autopsy was performed 
Considerable sear was found still remaining. 


TABLE IV 
— LEAD I LEAD II LEAD III CHEST LEAD 
NO | | 
T Waves in Chronic Cardiac Compression (Preoperative ) 
- sl.- sl.- 
2: iso iso iso very sl.- 
3. sl. sl.- iso a 
4, - sl. - 
5. iso very sl iso 
6 di sl. iso 
8. sl. - very sl. a 
iso + 4 
10. iso iso 
11. - sl. 
12 | : t sl. di 
abe iso | sl. - | di 4 
14. 
15. - ~ iso cove 
16. iso iso 
sl. di di sl. 
18, } sl 4 
19, iso n 
20. sl.- { 
iso iso very sl 4: 
22. iso iso sl.4 
23. 
24. | sl sl.- 4 
T Waves in Chronic Cardiac Compression (Postoperative) 
1. |iso— sl.- 2 yr. |sl.- throughout sl.- throughout cove - 
2. |jisom dis +4 yr. |isos sl. liso sl.- —» cove- 
3. |sl.- =» idi 4 | - 
4. |dis isom +1 yr. isl.- =» |sl- + - 
sl.- 
5. |iso dis sl.- 1 yr. |sl. isl- di 
6. —> iso— + ] mo. sl. 
7. =p» di di — cove 
9. |+ > sl.- 2 wk. — very sl. liso — sl 
10. |di-s sl.- 19 days {di — sl.- > 4 no record 
ll. — di> sl.- 1 yr.|sl. — very sl 
> |di isl.- 
15. > + lsl.- —» di 1+ 
14. — iso |- — iso |- 
15. - + sl  sl.- | 
16 liso —> sl.- iso —> sl.- + di eove > 
17. |di > sl.- ldi + sl _ = no reeord 
19. |+ dio - => iso |+ > sl > di = sl record 
21. liso — iso +> 4 =p 380 + di > 
<> | iso — di— iso | iso sl, 
23. |+—> > - — sl.- — sl.- 
24. |di liso — sl.- sl.- 
inverted 
up 
sl slightly inverted 
di diphasic 
iso isoelectric 
*The pathologic examination was made by Prof. H. T. Karsner. 
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TABLE V 
RHYTHM IN CASES OF CORONARY SCLEROSIS ( POSTOPERATIVE) 
CASE REGULAR AURICULAR VENTRICULAR AURICULAR AU- LENGTH OF 
NO SINUS PREMATURE PREMATURE FIBRILLATION RICULAR OB- 
RHYTHM BEATS BEATS FLUTTER SERVATION 
l. - - - 5 yr., 8 mo. 
2. First day weeks - 6 yr., 6 mo. 
1 week | 
2 weeks 
- - 4 yr., 8 mo. 
4. ‘ Seeond day | - First day - 2 mo. 
5. - - 2 yr., 10 mo. 
6. ? - Sixth-twelfth day - 5 yr., 9 mo. 
8. - Control and 3 mo. 
throughout 
9, - - - - 2 mo. 
10. ad - | - - - 4 mo. 
- - yr., 1 mo. 
12 - month 3 vr., 4 mo. 
3. - yr., 2 mo. 
14. - - - - 2 yr., 6 mo. 
15. ~ - | Third-fifth - yr., 3 mo. 
| day 
16, - Seventh |2 mo. 
| month day 
- (2 vr., 1 mo. 
18. First day | - - 2 mo. 
19. - yr. 6 mo. 
20. ~ ‘Third day and | yr. 2 mo. 
sth to 14th | 
mo, } 
21. - } - - days 
22 - First day § vr.. 2 mo. 


In this ease (No. 5) there was no elevation of the RS-T segment until 


thirteen months after operation. 
STUDIES AFTER BECK’S OPERATION FOR CORONARY ARTERY SCLEROSIS 


There were twenty-two patients in this group who were followed from 
five days to six and one-half years. The usual pattern of the electro- 
cardiogram consists of elevation of RS-T in all leads; this was usually 
greatest within three days (86.3 per cent), but was delayed as long as 
seven days in one ease. The elevation was greatest in Lead II. The on- 
set of the elevation was noted either immediately, or, most frequently, 
within the first two postoperative days (81.8 per cent). After this, the 
elevation receded and T beeame depressed, reaching its maximum depres- 
sion in seventeen days (63.6 per cent), although there were three cases 
in which T reached its greatest depression in 42, 45, and 74 days, respec- 
tively. 

In Table V the data concerning disturbances in rhythm are tabulated. 
In all cases the predominant rhythm was normal. Auricular premature 
beats occurred in three eases, ventricular premature beats in eight cases, 
transient auricular fibrillation in two eases, and transient auricular 


flutter in one ease. 
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The following ease is illustrative of this group: 

C. Z., a white man, aged 49 years, complained of typical attacks of 
angina pectoris for six months; these were increasingly severe and in- 
capacitating. Beck’s operation was performed in 1937, and was followed 
by an uneventful recovery. The patient progressively improved, and 
was able to return to his work with but few anginal attacks. Five years 
after the operation, the patient was symptom-free. His electrocardio- 
grams (Fig. 2) illustrate the typical electrocardiographie pattern in this 
group. 

A, Taken preoperatively, shows a diphasie T in Lead IVR. 

B, Taken two days after the operation, shows elevation of the RS-T 
segment in Leads I and II and inversion of T in Lead III. 

C, Taken one week later, shows RS-T isoelectric and T in Leads I, IU, 
III, and IVR inverted. 

D, Eight days later, and FL, Nine days later, show progressive increase 
in the amplitude of R and increasing depth of T inversion. 

F, Last record, taken three years and eight months after operation, 
shows a still greater amplitude of QRS, isoelectrie T in Lead I, and 
diphasie T in Leads II and III. The T wave in Lead IVR remained 
deeply inverted. On the second postoperative day there was slight 
transient left axis deviation (B), persisting until the ninth postopera- 
tive day. There were no changes of significance in P, P-R interval, heart 
rate, or rhythm. 

In summary, there is elevation of the RS-T segment early in the post- 
operative course. This elevation rapidly subsides and T becomes pro- 
gressively inverted. Finally T returns toward normal, but remains 
diphasic. These changes resemble those in both experimental’ and 
clinical pericarditis.* The changes are due toe the inflammatory reaction 
in the superficial myocardium, and are caused by the instrumental 
abrasion of the pericardium at the time of the operation. The changes 
were not due to distention of the pericardium beeause, at the time of 
operation, an incision was made in the inferior posterior surface of the 
parietal pericardium, allowing drainage into the pleural sinus. 


SUMMARY 

1. Electrocardiographic studies after twenty-four operations for 
chronic eardiae compression and twenty-one operations for coronary 
artery sclerosis are reported. 

2. In eardiae compression cases there is frequently a gradual increase 
in the amplitude of the deflections. The T-wave changes were inconstant 
and not uniform in serial records. 

3. Patients with coronary artery sclerosis show a constant pattern of 
RS-T elevation which gradually disappears and is followed by a sharp 
depression of T. 

4. The greater electrocardiographic changes in the coronary artery 
sclerosis cases are probably the result of more severe damage of the 


superficial myocardium. 
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ELECTROCARDIOGRAPHIC CHANGES IN RELATION TO 
TOLERANCE OF SUSTAINED ANOXEMIC 
ANOXTA IN DOGS 


Wavrer C. RANDALL, Pu.D.* 
Str. Louts, Mo. 


penne many publications' deal with the effects of acute, pro- 
gressive anoxia on the heart and circulation, comparatively few 
are concerned with the factors which determine the tolerance of more 
sustained anoxia. Armstrong,? and Armstrong and Heim* have given 
a general review, and the former has studied the tolerance of rabbits at 
different altitudes.‘ 

The earliest and most extensive electrocardiographie studies during 
short periods of progressive anoxia were made by Greene and Gilbert.°-* 
They stressed particularly the disturbances of rhythm and conduction 
which develop at the crisis. More recently, electrocardiographic record- 
ings made during flying*'* and in eardiae diseases'*'* indicate that 
sustained anoxia leads to depression of the S-T segment and of the 
T wave, and oceasionally to deformation of the QRS complex. This has 
led to the inference that anoxemiec anoxia causes myocardial impairment, 
a conclusion not supported by experimental studies on animals in which 
progressive anoxia causes an increased vigor of ventricular beats and an 
augmented cardiae output.'?*! 

Sinee such judgments regarding the effects of anoxia on the myo- 
‘ardium are based on comparing results obtained by dynamic studies 
on anesthetized dogs with those obtained by electrocardiographie studies 
on man, it seemed important to make additional electrocardiographie ob- 
servations on such dogs. It is conceivable that species differences exist ; 
also, that the dynamie effects reported during acute progressive anoxia 
do not apply during sustained anoxia. 

This report deals with the electrocardiographie changes, correlated 
with respiratory and circulatory responses of dogs, during prolonged ex- 
posure to various reduced percentages of oxygen. The rebreathing 
method was used in order to ascertain the influence of anoxemie anoxia, 
separate from additional influences of temperature and pressure changes 
such as oceur in ascent to higher altitudes. 


METHODS AND APPARATUS 


The dogs were anesthetized with a small preanesthetic dose of morphine 
and sodium barbital (175 mg. per kilogram), and placed upon a heated 
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animal board. In order to maintain reflexes arising from the carotid 
sinus areas, mean blood pressure was recorded from the femoral artery 
by means of a mercury manometer. Leads I, II, III, and sometimes IV 
were recorded by a Sanborn electrocardiograph at 50 mm. per second. 
Tracheotomy was performed, and the dog was connected directly to a 
recording segment respirometer. This apparatus, originally designed 
by Burlage and Wiggers?* for studying the effect of hypercapnia, and 
modified to study the effects of anoxia, has been used for many years in 
this laboratory for both animals and man. Since the modifications which 
permit one to vary the rate of reduction in percentage of oxygen 
breathed (theoretical rate of ascent) and to maintain the ultimate re- 
duced percentage of oxygen breathed (attained theoretical altitude) 
have not hitherto been deseribed, a brief description of this cheap and 
efficient rebreather is incorporated. 


Fig. 1.—Diagram of segment respirometer for study of effects of anoxia. 


As shown diagrammatically in Fig. 1, the segment respirometer con- 
sists of a metal ash can (A), the top of whieh has been somewhat ex- 
tended and shaped as a large segment capsule (see surface view, lig. 1). 
It has a capacity of 80 liters, which is suitable for human tests, but this 
can be reduced by partial filling with water to any capacity (e.g., 25 
liters is suitable for 10 kilogram dogs). The top is covered with a sheet 
of light rubber dam, and to this is cemented a trapezoidal piece of stiff 
cardboard (B) which, with its long straw pointer, pivots on the segment 
side of the rubber. As the rubber membrane is drawn in during in- 
spiration, the lever rises, and vice versa during expiration. The ap- 
paratus is easily calibrated by allowing known volumes of water to run 
into the tank from a 5 gallon graduated bottle (C). In this way, 
changes in respiratory rate, as well as in the total and minute volumes, 
are quantitatively recorded throughout the experiment. 

To the tank is connected a canister of soda lime (D). When a sub- 
ject or animal is connected to the apparatus at E, air from the tank 
is inspired via valve F and returned to the spirometer through the soda 
lime (D) via valve G. As CO, is thus removed and oxygen is consumed, 


| —B ) 
i. 
J 
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the rubber membrane tends to draw into the tank and the recording lever 
rises. To prevent this, a stream of water is permitted to flow from a 
bottle (C), at such a rate that the membrane and lever remain horizontal 
during expiration. Since the air in the spirometer is practically satu- 
rated with water, the rate at which water is admitted equals the rate 
of oxygen consumption. Knowing the air volume above the water, com- 
putations of the percentage reduction of oxygen in the respirometer for 
each liter or half-liter of water admitted can easily be made. This 
agrees well with actual determinations of the volume percentages of 
oxygen made by gas analysis, which were used as checks in these ex- 
periments. When the volume per cent of oxygen has been reduced to a 
desired level, say 10 or 12 volumes per cent, the flow of water is stopped, 
and, in its place, a continuous stream of oxygen from a tank equipped 
with a needle valve is admitted via a stopeock (J7). 

A little consideration makes it obvious that the rate of oxygen re- 
duction after connection to an animal depends on the relation between 
the effective air capacity of the tank and the rate of oxygen consump- 
tion, which, among other factors, depends on the size of the dog and 
its metabolic rate. However, by merely changing the starting air 
capacity of the respirometer, the rate of oxygen reduction of the in- 
spired air (i.e., the simulated rate of ascent to high altitudes) can be 
altered; the smaller the respirometer volume. the more rapid the oxygen 
reduction and the simulated rate of ascent. In these experiments, simu- 
lated ascension varied from 250 to 880 feet per minute, but a rate of 
about 400 feet per minute was most commonly employed. Exposures 
varied from twenty minutes at 11 per cent (ea. 17,000 feet altitude) 
to seven and one-half hours at 7 per cent (ca. 27,000 feet altitude) 
oxygen. 

RESULTS 

Twenty-two dogs were used in these experiments. The starting heart 
rates were more rapid than normal as a result of the barbital anesthesia. 
This is not a disadvantage, for it eliminates the possibility of changing 
the configuration of the electrocardiogram by increased rates, and es- 
sentially reduplicates an emotional eardiae acceleration, such as may oe- 
cur prior to ‘‘taking off’’ in an airplane. 

Since the main objective of the study was to investigate the changes 
which oceur during sustained anoxia, only a brief outline of the re- 
sponses during the period of simulated ascent will be deseribed. Heart 
rate and mean pressure were generally unaffected, although the latter 
sometimes inereased a trifle. Respiratory rate and minute volume aug- 
mented, as has often been noted (Figs. 2 and 4). Electrocardiographic 
changes were not prominent during this period, and no essential dif- 
ferences were noted when the rate of oxygen reduction (rate of ascent) 
was varied within the ranges stated above. Nor did the altitude reached 
produce any effects. The responses to sustained anoxia were generally 
the same in all the animals, but considerable individual variation was 
noted in the ability to withstand low oxygen mixtures. One animal 
failed after three and one-half hours at 13 per cent oxygen (12,500 feet), 
another after twenty minutes at 11 per cent (17,000 feet), and still 
another after three hours at 4.5 to 5 per cent (38,000 to 40,000 
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feet). In general, 7 to 8 per cent (25,000 to 27,000 feet) was found to 
be the critical level at which all animals failed after several hours of 
exposure. Dogs, like human beings, can be placed, therefore, in one of 
two broad groups: those which tolerate low oxygen mixtures well, and 
those which do not. In order to best illustrate the typical responses of 
‘*tolerant’’ and ‘‘nontolerant’’ dogs, together with certain variations, an 
experiment of each type will be described in detail. 


HOURS ! 2 3 4 5 6 7 8 2 10 1 12 


> 
0 


C0000 


R.M.Y. 
cc. x 10° 


Ro 


PER CENT 16.4 
OXYGEN 


CONTROL ASCENT SUSTAINED ANOXIA T RETURN TO AIR 
CRISIS 


Fig. 2.—Responses of a normal, tolerant dog to sustained anoxia. H.R. refers to 
heart rate; M.B.P., to mean blood pressure; R.M.V., to respiratory minute volume in 
cubic centimeters; ALT. to altitude in feet: and E.C.G. to electrocardiogram. Seg- 
ments of electrocardiograms were selected from a continuous series taken throughout 


the experiment, and rerer to similar lettering in Fig. 3. Oxygen percentages equiva- 


lent to altitude are charted at the right of the figure. 

Fig. 2 illustrates the reactions of an animal of the more tolerant 
group (No. 14) when the volume per cent of oxygen was decreased to 
7 per cent in forty-five minutes (a simulated ascension to about 27,000 
feet at a rate of 600 feet per minute). The animal remained at this 
altitude for four hours and forty minutes. During the later stages of the 
simulated ascent, both respiratory rate and amplitude were greatly in- 
creased, and the minute volume reached four times that of the control 
period. This was maintained for about two hours at the peak altitude, 
and then decreased to a volume three times the normal until the crisis. 
At this time the hyperpnea was suddenly replaced by very slow, irregu- 
lar breathing which lasted but a few minutes, followed by apnea. Im- 
mediate institution of artificial respiration and return to atmospheric 
air was marked by resumption of an essentially normal minute volume 


of respiration. 
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After an initial rise during rebreathing, the mean blood pressure grad- 
ually fell to, and remained at, essentially normal levels for two hours 
and forty minutes. After this time, a progressive and rapid fall in 
pressure proceeded abruptly into the period of crisis, when complete 
failure of both circulation and respiration resulted. It is diffieult fo 
say which function fails first, but it is generally noted that, after the 
blood pressure reaches levels of 50 to 70 mm. Hg, complete circulatory 
failure is precipitated by respiratory collapse. The heart rate was ab- 
normally rapid during the control period, but, even so, showed a further 
significant acceleration during the period of anoxia. The rate remained 
very rapid until a precipitous fall occurred during the crisis which 
marked the circulatory failure. It appears, therefore, that the respira- 
tory center remains viable until the blood pressure has fallen to about 
0 to 70 mm. He. At this time an insufficient amount of oxygen is 
apparently supplied to the medullary respiratory centers, with conse- 
quent failure and death unless artificial respiration is instituted at onee. 
When this dog was given temporary artificial respiration and returned 
to atmospheri¢ air, the mean blood pressure returned to 105 mm. He, and 
remained at this level for several hours. However, after eight hours, 
the arterial pressures gradually fell, and the dog died about fourteen 
hours after this partial recovery from the period of crisis. 

Segments of the electrocardiograms taken at intervals indicated in 
Nig. 2 as A, B, C, ete., illustrate the progressive responses during sus- 
tained anoxia. Segment A (Fig. 3) is a normal control, and B shows 
a depression of 2 to 3 mm. in the QRS complex in all leads at the end 
of the period of ascension. This depression of QRS continued and be- 
came progressively more severe with continued exposure to low oxy- 
gen tensions, especially in Leads IT and IIT (Fig. 3, C). Extreme de- 
pression and definite splintering were apparent in Lead ITT two hours 
and forty minutes after reaching the peak altitude (Fig. 3, D), and 
persisted in modified form throughout the experiment. Changes were 
less striking and less consistent in Lead IT. 

The P-R interval decreased about 10 millisecond during the early ae- 
celeration in heart rate, and failed to increase even when the heart slowed 
during the crisis. In those experiments in which ultimate cardiae de- 
pression supervened, a lengthened P-R interval, as described by Greene 
and Gilbert," was observed. The duration of the QRS, as measured 
by the width of the R, decreased early by about 5 millisecond and re- 
mained so. The total duration of electrical systole (Q-T interval) also 
decreased with the total evele time, and failed to become elongated until 
frank eardiae failure supervened. 

The S-T segment and T wave were not significantly altered through- 
out this experiment, except for a tendency toward the development of 
a diphasic T wave in Lead I just prior to failure (Fig. 3, D). No evi- 
dence of a depression of the S-T segment was seen at any time. 
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When the animal was returned to atmospheric air, the QRS complex 
tended to return toward normal configuration and duration (Fig. 3, E 
and F’). Leads I and II showed almost complete recovery, but, although 
the splinter almost entirely disappeared, the R deflection did not return 
to normal voltage in Lead III. The S-T segment, in the meantime, 
was inclined upward, and became incorporated in the greatly accentu- 
ated T wave which persisted until death. This was accompanied by a 
higher P wave, until, in Lead III, the three positive deflections were all 
of equal voltage. 


Fig. 4 illustrates the reactions of a ‘‘nontolerant’’ animal to sus- 
tained anoxia. It will be noted that the total respiratory and circu- 
latory picture illustrates a lesser degree of resistance. In this experi- 
ment the oxygen percentage was decreased to only 12 per cent in forty 
minutes (simulating an ascent to 14,500 feet at a rate of 360 feet per 
minute). It was maintained thus for nearly three hours, when the per- 
centage of oxygen was further decreased to 10 (altitude of 19,000 feet). 
Thirty minutes later collapse set in, and the animal was saved only by a 
prompt return to atmospheric air. 
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During the period of ascent and for an hour thereafter, respiration 
showed only a relatively mild stimulation, both in rate and amplitude, 
resulting in a twofold inerease in minute volume. There was no pro- 
gressive decline in minute volume at the end, as commonly noted, but 
rather a precipitous fall at the crisis. The type of failure, however, 
was much the same, i.e., hyperpnea was suddenly replaced by slow irregu- 
lar breathing and apnea. The respiration was not continuously recorded 
in this experiment after the animal was returned to atmospheric air, 
hut sufficient data from subsequent experiments indicated a return es- 
sentially to normal levels. 
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Fig. 4.—Responses of a normal, nontolerant dog to sustained anoxia. Legend remains 
as in Fig. 2. 


The mean blood pressure failed to show an initial rise during the 
ascent, and did not rise above the starting level at any time. Rather, 
there was a progressive fall from the control pressure of about 140 mm. 
to 80 mm. Hg one hour and twenty minutes after reaching an altitude 
of 14,500 feet. This pressure was then maintained until complete fail- 
ure at the erisis. Upon returning the animal to atmospheric air, the 
blood pressure rose to 100 mm. Hg, which was 40 mm. below the original 
starting control. Approximately this level was maintained for two hours 
and forty minutes, at which time a progressive fall began, which re- 
sulted in death of the animal two hours later. The heart rate showed 
inconsistent acceleration during the exposure at 12 per cent oxygen and 
marked acceleration at 10 per cent, followed by a sharp deceleration at 
the crisis. It resumed the control rate after the animal was revived 
and returned to atmospheric air. 
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Standard electrocardiograms were obtained, as indicated in Figs. 4 
and 5 by the same letters. They show at a glance that the changes were 
much more striking during the period of sustained anoxia than those 
observed in the previously described experiment. Segments B and C 
show a progressive depression of the QRS complex in all leads, followed 
(segments D and EF) by a polyphasie or M-shaped QRS complex in 
Leads II and III (Fig. 5). The apex of R, was slurred and depressed. 
Despite the severity of this polyphasie or splintering response, there 
was no significant increase in the duration of the QRS complex, the 
P-R interval, or electrical systole (Q-T interval) throughout the period 
of sustained anoxia. 

The T waves of Leads II and III became progressively higher as the 
exposure continued. The increase was noticeable even during the ascent 
(Fig. 4, B), and the voltage finally reached was higher than that of the 
other complexes (Fig. 4, D). The P wave became merged with the 
descending limb of the T before the isoelectric level was reached. Just 
prior to collapse (Fig. 4, /’), the T wave showed a changing configura- 
tion, varying from positive to negative. In many eyeles the P was 
completely obliterated in both Leads IT and ITT. 

Returning the animal to air resulted in prompt improvement in all 
complexes until control levels were reached (lig. 4, G and H). Despite 
this apparent return to normal, however, the animal died as a result of 
circulatory collapse. There were no definite subjective signs to give 
warning of imminent collapse during sustained anoxia. There was 
neither dyspnea nor convulsive muscular contractions, thus showing a 
sharp differentiation from asphyxial death, and animals were sometimes 
lost because of the sudden onset of respiratory and circulatory failure. 
After failure occurred, the animal could generally be revived by prompt 
artificial respiration. 

DISCUSSION 

It may be observed that tolerant animals show no significant depres- 
sion of the heart and mean blood pressure until just before the crisis 
is reached. At this time changes are sudden and severe, as evidenced 
by a great reduction in heart rate and blood pressure, together with the 
conduction disturbances so well analyzed by Greene and Gilbert.®? 
These variations are illustrated in Fig. 2, which represents exposure to 
an altitude of 27,000 feet for more than four and one-half hours. In 
nontolerant animals, however, a progressive decline in arterial pressure, 
often extending over the entire period of exposure, eventually terminates 
in the same type of crisis. This type of reaction is illustrated in Fig. 4, 
which represents exposure to an altitude of 14,500 to 19,000 feet for 
three and one-half hours. That considerable individual variation exists 
among experimental animals is not surprising in view of the fact that 
similar variations have been repeatedly demonstrated in pilots in train- 


ing. 
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The effects of anoxia, therefore, appear to be accumulative, as empha- 
sized by Armstrong and Heim,* but the manner in which the dog sue- 
cumbs after release from long exposures depends upon the innate re- 
sistance of the animal. 

When the animal was restored to atmospheric air or when oxygen was 
administered, there was always some recovery of mean arterial pres- 
sure, followed by subsequent decline to shock levels and, eventually, 
death. In tolerant dogs, the recovery was generally more marked and 
the subsequent decline in pressure more delayed than in nontolerant 
animals. 

The cause of the variable deterioration in mean pressure during sus- 
tained anoxia remains essentially unknown, but two possible explana- 
tions invite investigation: (a) failure of the peripheral circulatory 
system and (b) eardiae depression. This investigation does not attempt 
to explore the former possibility, but may furnish some information 
concerning the latter. The development of depressed and splintered 
QRS complexes in electrocardiograms might lead one to suspect some 
mild but progressive myocardial disturbance, the nature of which ean- 
not be interpreted too precisely. Detailed study of the electrocardio- 
gram, however, fails to reveal any signs of delayed or impaired con- 
duction. There is evidence, on the contrary, that conduction is slightly 
improved, at least in the earlier stages of the exposure. This evidence 
is, of course, the shortened P-R interval and the decreased duration of 
the QRS, in spite of the splintering. This certainly does not suggest 
damage to the conduction system; on the contrary, it could be regarded 
as improvement. If, as many believe, a shortened QRS indicates a more 
rapid spread of excitation over the ventricles, it could be postulated 
that a more rapid summation of fractionate contractions takes place, and 
that this eventuates in a more vigorous contraction of the ventricles.** 
This may then explain the preliminary stimulation of the heart reported 
by Sands and DeGraff,’? and the increased stroke volume reported by 
Strughold.2° The splintering, also, is not necessarily indicative of 
asynehronous spread of the excitation process, but could easily result 
from slight differences in summation of ultimate potential differences. 
Much more positive evidence, e.g., such as can be obtained by direct 
punctate leads from the heart with differential electrodes, is required be- 
fore much elinieal significanee should be given to splintering of the 
QRS complex. 

Contrary to most of the recent reports as to the electrocardiographic 
changes in men who are exposed to high altitudes, the S-T segment and 
T wave were not depressed. They are in aceord, however, with the ob- 
servations of Kountz and Gruber,'* and revealed elevation of the S-T 
segment and increase in magnitude of the T wave. Since either change 
may be encountered subsequent to acute coronary occlusion, these ob- 
servations are highly suggestive of anoxie impairment of the myo- 
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eardium. The fact that such changes oceur more promptly and con- 
spicuously in nontolerant animals during sustained anoxia suggests that 
the myocardium is an important factor in the problem of tolerance to 
high altitudes. However, the facts that the electrocardiographie de- 
flections are gradually restored to normal upon return of the animal 
to atmospherie¢ air, and that they remain so to the end, suggest that the 
progressive decline of blood pressure which follows subsequently is due 


to peripheral rather than cardiae factors. 


SUMMARY 


1. A simple form of rebreathing spirometer is deseribed whieh is 
suitable for varying the rate of oxygen reduction (rate of simulated 
ascent) and for maintaining the ultimate percentage of oxygen breathed 
(theoretical attained altitude). 

2. Dogs anesthetized with sodium barbital vary greatly in their re- 
sistance to sustained anoxia, and ean definitely be placed in tolerant 
and nontolerant groups as regards the ‘‘altitude’’? and duration of ex- 
posure which they can endure. 

3. Differences in responses in the two groups were not marked during 
the period of ‘‘ascent,’’ except that the nontolerant group did not seem 
to increase their respiratory minute volume as early. 

4. During sustained anoxia and until the sudden crisis, tolerant dogs 
showed acceleration of the heart, an essentially normal mean arterial 
pressure, a reduction in amplitude of the QRS deflection in all leads, and 
slight decreases in the duration of the P-R interval, QRS deflection, and 
electrical systole. On returning the animals to atmospheric air after the 
erisis, there was good but rarely complete recovery in blood pressure, 
but after six to twelve hours most of the dogs passed slowly into a state 
of circulatory failure. In this kind of circulatory failure there was no 
evidence in the electrocardiograms that failure of the myocardium was 
concerned. 

5. Nontolerant dogs, even when maintained at lesser degrees of anoxia 
or for shorter periods, generally showed less increase in minute respira- 
tory volume and a gradual decline of mean pressure during the sustained 
low-oxygen period. In addition to the changes shown by tolerant an- 
imals, the electrocardiogram often showed marked splintering of QRS in 
several leads (usually Leads IT and IIT), elevation of the S-T seg- 
ment, and/or inerease in the T wave, which often equaled that of R. 
These changes were reduced and often abolished on returning the an- 


imals to atmospherie air. 

6. Although the circulatory failure which followed exposure of dogs 
to sustained anoxia was apparently due to peripheral circulatory fac- 
tors, the changes in the electrocardiogram were sufficiently conspicuous 
to suggest strongly that the response of the myocardium during exposure 
is an important factor in determining tolerance to sustained anoxia. 
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SARCOIDOSIS OF THE HEART 


Revort or A Cask AND RevVIEW OF THE LITERATURE 


JoHN B. Jounson, M.D., aNp Ropert S. Jason, M.D. 
WASHINGTON, D.C. 


HE early observations on the disease which is now termed sarcoidosis 

suggested that it was solely a disease of the skin.’** However, 
since Schaumann® indicated, in 1914, that the disease may involve the 
internal organs of the body, the generalized nature of the disease has 
been recognized, and now it is known that practically any organ in 
the body may be involved. The case to be reported was one of gen- 
eralized sarcoidosis which was unusual in that extensive involvement 
of the heart produced the most serious symptoms and eaused the death 
of the patient. We have reviewed the literature with particular refer- 
ence to demonstrated cardiae lesions and the symptoms whieh were 


direetly related to these lesions. 
CASE REPORT 


L. D., Negro, male, aged 24 years; Unit Number 020-121. 

This patient was admitted to Freedmen’s Hospital Nov. 24, 1941, 
complaining: ‘‘T have trouble getting my breath.’’ The study of his 
‘ase revealed the following pertinent facts: 

Family History.—Father dead of unknown cause; mother and one 
sister living and well; one sister chronically ill, and one dead of chronic 
disease, causes unknown; wife and three children living and well, and 
had negative chest roentgenograms. 

Past History. Excellent health until onset of last illness. 

Last Illness—Initial symptoms of headache and cough began in 
April, 1941, about eight months prior to death. When he was ex- 
amined at another hospital because of these complaints, his tempera- 
ture was normal and physical examination was negative, although 
roentgenograms of the chest showed enlarged mediastinal nodes. In 
May, 1941, additional symptoms appeared, namely, blurring of vision, 
loss of taste on the left side of the tongue, numbness and weakness of 
the left side of the face, difficulty in speaking, and defective hearing 
on the left. Physical examination at the same hospital showed involve- 
ment of the seventh, eighth, and twelfth nerves, and disclosed papill- 
edema of the left dise, coarse tremors of the hands, fine rales at the 
base of the right lung, and a normal temperature and pulse rate. 
Roentgenograms showed increased size of the mediastinal nodes, to- 
gether with pulmonary infiltration, particularly of the right lower lobe 
(Fig. 1). Tubereulin tests and repeated sputum examinations for 
tubercle bacilli were negative. The patient was discharged from the 
hospital after one month, at which time he showed but little improve- 
ment. Examination at another hospital in October, 1941, because of 
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progressive loss of vision, showed large vitreous floaters, pigment de- 
posits in the lenses, and vision as follows: O.D., 20/50, and O.S., 20/70. 
A tentative diagnosis of Boeck’s sarcoid or tuberculous uveitis was 
made. Intermittent attacks of palpitation and tachycardia, associated 
with fainting spells, began to oceur in August, 1941. Dyspnea on ex- 
ertion, and then orthopnea, began in November, 1941, by which time 
patient had noted considerable weight loss. 


Fig. 1.—Dense lesions involving mediastinal nodes, merging with, and partly obscur- 
ing, the cardiac borders, and spreading out into the lungs. 


Physical Examination.—The patient appeared chronically ill. He 
had orthopnea, moderately distended jugular veins, an enlarged and 
tender liver, medium rales, but no consolidation, at the bases of the 
lungs, slight edema of the lower extremities, a rectal temperature of 
37.6° C., a pulse rate of 90, and a blood pressure of 100/65. The heart 
was enlarged to the left anterior axillary line, and there was bilateral 
widening of the supracardiae area of dullness; the heart showed an 
irregular irregularity, with rapid changes in rate, and, at times, a 
rapid and regular tachyeardia, but, more usually, a slower rate, with 
many premature beats; there was a pulse deficit of 75. The venous 
pressure was 240 mm. of water, the circulation time, 55 seconds, and 
the vital capacity, 28 per cent of normal. 

Laboratory Data—The blood Wassermann reaction was negative. 
The hemoglobin was 80 per cent (Sahli); the erythrocytes numbered 
5,470,000, and the leucocytes, 10,500. The differential leucocyte count 
was normal. The total plasma protein was 7.1 per cent. The urine 
was normal. The roentgenograms showed enlargement of the heart 
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and increased density at the bases of both lungs. There was no in- 
crease in the size of the mediastinal nodes (Fig. 2). The electrocardio- 
grams showed evidence of marked ventricular irritability, with pre- 
mature ventricular beats from multiple foci, and paroxysmal ventricu- 
lar tachyeardia. The sound tracing was difficult to interpret (Figs. 
3 and 4). 


Fig. 2.—Dense lesions involving mediastinal nodes, _marked enlargement of heart, 
increased density of bases of lungs. 


Hospital Course.—In addition to sedatives, the patient was given 3 
Gm. of quinidine sulfate in 72 hours. There was no improvement in 
the cardiac mechanism. On the fourth hospital day the patient de- 
veloped a temperature of 38.5° C. and a severe cough, with blood- 
tinged sputum in which a Type 28 pneumococeus was found. There 
were more rales, especially in the right, lower, lateral part of the chest. 
He was thought to have pulmonary infarction or bronchopneumonia. 
Sulfadiazine was given, and its blood level was 4 mg. per cent at the 
end of 48 hours, but the temperature continued to be about 39° C. for 
four days. The signs of congestive failure increased. Oxygen was 
given. The cardiac irregularity continued, with a pulse deficit of 75. 
The quinidine was increased to 1.2 Gm. daily, after which the electro- 
eardiogram showed longer periods during which the mechanism was 
normal. Pulmonary edema became severe on the ninth hospital day; 
phlebotomy (300 ¢.c.) was done, and six cat units of digalen were in- 
jected intramuscularly. During the next three days there was much 


3 
4 


NAMA 
MANA 


= 


ul 


Fig. 3.—Electrocardiogram showing transient ventricular tachycardia and periods 
of premature ventricular beats from multiple foci. Several prolonged P-R intervals 
are present (0.28 second). 


Fig. 4.—Electrocardiogram showing premature ventricular beats from multiple foci, 
and transient ventricular tachycardia. 
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improvement. However, on the twelfth hospital day the patient had 
a chill and became disoriented. Ile died suddenly on the thirteenth 
hospital day. 

Clinical Impressions.—(1) Mediastinal tumor (type unknown), with 
probable extension into the myocardium; (2) ventricular irritability, 
with premature ventricular beats and paroxysmal ventricular tachy- 
eardia; (3) congestive heart failure; (4) pulmonary infarction or 
bronehopneumonia. 

AUTOPSY 


The autopsy was begun fourteen hours after death, and revealed the 
following significant gross changes: 

Externally.—Dryness and some desquamation, but no nodular lesions 
of the skin; edematous swelling of the preauricular part of the left 
side of the face; slight enlargement of the left breast; petechiae over 
the left clavicle; cyanosis of the nail beds and distention of the jugu- 
lar veins. 

Abdominal Cavity.— About 150 ¢.e. of slightly bloodtinged fluid, with 
strands of fibrin, but no nodular lesions. 

Pleural Cavities —About 500 e.e. of similar fluid in the right pleural 
cavity and 110 ¢.c. in the left; granular lesions, resembling miliary 
tubercles, involving the visceral pleura, and fibrous adhesions involv- 
ing the posterior and lateral pulmonie surfaces. 

Pericardial Cavity.— About 100 e.e. of similar fluid. 

Circulatory System.—The hl arteries and veins of the trunk were 
apparently normal. Heart (Fig. 5): weight, 500 grams; thickness of 
the left ventricle, 10 to 20 mm., and of the right, 5 to 7 mm.; hyperemic 
epicardium, with multiple small and coalescing, granular, tubercle-like 
lesions; large epicardial sear at the apex anteriorly, with raised central 
plaque and a hemorrhagic border; myocardium soft and mottled in 
color because of hyperemia; small, grayish, tuberele-like lesions, and 
pink, myxomatous-like sears, 5 to 7 mm. in diameter; no valvular 
sclerosis. Valve orifices: tricuspid. 12 em., pulmonic, 6 em., mitral, 
9 em., and aortic, 5.5 em., in circumference; mural apical thrombus of 
the left ventricle. 

Respiratory System.—F rothy, mucoid, and slightly purulent exudate 
in the tracheobronchial passages. Lungs (Fig. 6): weight together 
with bronchi, lower trachea, and mediastinal lymph nodes, 1,800 grams ; 
many small and coalescing, tuberele-like lesions, slightly raised above 
the pleural surface, and measuring 2 to 4 mm. in diameter; focal, red- 
dish areas suggestive of infarction; recent scars involving the pleura 
and extending into the lung tissue from 1 to 3.5 em.; cut surfaces 
showed edema, many tuberecle-like lesions, small sears, and slight lobu- 
lar consolidation. 

Spleen and Lymph Nodes.—Spleen slightly enlarged and moderately 
soft, with seattered, small, tubercle-like lesions, but these were not pal- 
pable as nodules. Tracheobronchial lymph nodes (Fig. 6) enlarged 
and seemed to coalesce, forming a mass 8 em. in maximum diameter 
and extending around the right main bronchus. Moderate enlarge- 
ment of the lymph nodes around the head of the ee other lymph 
nodes not enlarged. 

Digestive System.—Passages normal except for siti of the stom- 
ach and duodenum; liver w eighed 1,850 grams, had accentuated lobular 
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Fig. 5.—Shows widespread myocardial lesions and an apical mural thrombus. 


Fig. 6.—Lungs, lower trachea, main bronchi, and tracheobronchial lymph nodes. 
Many small tubercle-like lesions appear on the lung surfaces, associated with localized 
scars and remnants of fibrous pleural adhesions. The lymph nodes are enlarged, 
forming a large mass. 
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markings caused by passive congestion; gall bladder, bile ducts, and 
pancreas normal. 

Urinary System.—Kidneys weighed, together, 350 grams; there was 
a small infaret in each one, and slightly adherent capsules; ureters nor- 
mal; eechymoses of the bladder mucosa. 

Brain and Meninges.—No gross abnormality. 

Generative Organs.—Normal. 

Endocrine Glands.—(Hypophysis, thyroid, and adrenal.) Normal. 

On microscopic examination, tubercle-like lesions were found in the 
heart, lungs, lymph nodes, spleen, liver, and testes, whereas the pan- 
creas, hypophysis. thyroid, adrenals, kidneys, breast, bone marrow 
(from one rib), and the brain did not reveal these lesions. The myo- 
cardium and, to a far less extent, the endocardium and epicardium 
were observed to be the seat of a chronie granulomatous inflammation. 
The earliest and smallest lesions consisted of an infiltration of lympho- 
cytes and a few microphages into the stroma between and about muscle 
fibers (Fig. 7). In older lesions the muscle fibers had disappeared, and 
their site was oceupied by large mononuclear epithelioid leucocytes 
and giant cells, with a peripheral border of lymphocytes, but without 
microphages (Fig. 7). At this stage the lesions bore a superficial re- 
semblance to miliary tubercles, without caseation. When the lesions 
coalesced, many small capillaries were seen. The oldest lesions showed 
gradual replacement of the epithelioid and other cells by fibroblasts. 
leading eventually to scarring. Some of the scars were old; others 
were relatively young, and, at their margins, progression of the inflam- 
mation was apparent (Fig. 8). Occasionally, smali blood vessels were 
occluded by thrombi; some showed inflammation of their walls, and 
one or two contained giant cells in their lumina. In one section, taken 
from the apex of the ventricle, there was a mural thrombus under- 
going organization. In a section from near the base of the interven- 
tricular septum, the inflammatory process did not involve the more 
superficial muscle fibers. 

All sections of the lungs showed small lesions which were indis- 
tinguishable morphologically from noneaseating miliary tubercles (Fig. 
9). These involved the fibrous framework, alveolar walls, and alveolar 
lumina of both lungs, and they varied from early lesions to old ones 
undergoing hyalin sclerosis. The less involved portions of the lungs 
showed edema, focal deposits of fibrin, and extensive, but not heavy, 
infiltration of alveoli by macrophages. In three sections there were 
subpleural lesions of large size, undergoing hyalinization and infarct- 
like necrosis, with a preservation of the tissue pattern in the involved 
parts. The areas which, grossly, simulated infarction showed only 
hemorrhage microscopically. 

The enlarged lymph nodes were involved almost entirely by an in- 
flammatory process like that in the heart and lungs; it spared the 
eapsules and did not appear to extend into adjacent tissues. Giant 
cells were found in abundance, but there was no easeation in the 
tubercle-like lesions. 

In the liver, in addition to typical, tubercle-like lesions, there were 
others consisting of a few microphages, lymphocytes, and some macro- 
phages. The testes revealed, in addition, acute inflammation of the 
arterial walls, with the cellular reaction of the more acute lesions. 

Cultures made from the spleen and lungs were reported to have 
yielded growths of Streptococcus hemolyticus, Staphylococcus aureus 
and pneumococei (not typed), but no acid-fast organisms. Acid- 
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Fig. 7.—Heert: the earliest lesions consist of infiltrations of leucocytes in the 
stroma between muscle fibers; older ones consist of epithelioid cells and giant cells 
in a stroma which replaces destroyed muscle fibers. 


Fig. 8.—Heart: a well-vascularized scar is shown, at the margin of which is the 
spreading inflammation with tubercle-like lesions. A giant cell appears near the 
center of the figure. 
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fast and Gram stains on the sections of the heart and lymph nodes, as 
well as the lungs, failed to reveal bacteria or other parasites in the 
tubercle-like lesions. 

Anatomic Diagnoses.—Active, healing, and healed, noneaseating tu- 
berele-like lesions affecting the myocardium, epicardium, and endo- 
cardium, visceral pleura, lungs, spleen, liver, thoracic and upper ab- 
dominal lymph nodes, and testes-——Boeck’s sareoid; dilatation, hyper- 
trophy, and left ventricular mural thrombosis of the heart; bilateral 
renal embolism and infarction; bilateral pulmonary infaretion; organ- 
izing, slightly hemorrhagic, fibrinoserous pericarditis, bilateral pleuritis 
and peritonitis; degeneration of parenchymatous organs, with splenic 
softening; chronie passive congestion of viscera; edematous swelling 
of the right side of the face, and bilateral pulmonary edema; muco- 
purulent tracheobronchitis; terminal septicemia (hemolytic streptococci 
and pneumococei) ; petechiae or ecchymoses of the mucosa of the stom- 
ach, duodenum, and urinary bladder. and of the skin over the right 
clavicle; left gynecomastia. 


Fig. 9.—Lung, showing a small tubercle-like lesion adjacent to a large vein. 


This patient presented the typical lesions of sarcoidosis, although the 
unusually rapid course and the severity of symptoms were quite in 
contrast to the usual picture in sarcoidosis. The extensive cardiac 
involvement was undoubtedly responsible for these two atypical fea- 
tures of the disease in this patient. 


REVIEW OF THE LITERATURE 


A study of the case reports of generalized sarcoidosis reveals very 
few cases in which eardiae lesions have been demonstrated at autopsy. 
Bernstein, et al.,* reported a case in which lesions were found in the 
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epicardium and myocardium. There was no clinical evidence that 
these lesions produced any abnormality of cardiae function. In the 
second of the four autopsy cases presented by Schaumann,° in 1936, 
there were many lesions of the heart which were limited, apparently, 
to the epicardium. The lungs were extensively involved by a chronic 
granulomatous inflammation, and showed many sclerosed and obstructed 
vessels and considerable emphysema. The patient had a long history 
of palpitation, and, during the last vear of life, congestive heart failure 
developed ; the blood pressure was 110/88; the electroecardiogram showed 
right ventricular preponderance and inversion of T, and T;. Schau- 
mann expressed the opinion that the cardiae failure was secondary to 
the increased pulmonary resistance caused by the extensive lesions 
in the lung parenchyma. In the first of the six autopsy cases reported 
by Nickerson,® in 1937, there were typical lesions of the parietal peri- 
eardium. Solitary lesions were found also in the myocardium and 
subendoecardium. There had been no eardiae arrhythmia. There was 
dyspnea, but the patient had pleural effusion as a result of sarcoid 
involvement of the pleura. The electrocardiogram was not reported. 
Spencer and Warren’ reported a case of generalized sarcoidosis in 
which microscopic lesions were found seattered throughout the myo- 
eardium. There was no clinical evidence of cardiac involvement. No 
electrocardiogram was reported. Cotter® reported a case which was 
similar in many respects to the case presented here. The course was 
rapid, and the patient died of cardiac failure caused by extensive 
sarcoidosis of the heart. The heart was enlarged and there was pre- 
eordial bulging. The blood pressure was 140/110. Congestive heart 
failure was marked. The electrocardiogram showed a variety of ab- 
normalities during the hospital course: sinus tachyeardia, arborization 
block, shifting pacemaker, auricular fibrillation, and complete heart 
block. At autopsy the epicardium and pericardium were normal, but 
the myocardium was extensively infiltrated by typical sarcoid lesions. 
The endocardium was also involved, including sessile nodules on the 
mitral valve. 

In three of the four autopsy cases reported by Longecope,’ in 1941, 
there were lesions of the myocardium. In one of the cases, scattered 
nodules were found in the myocardium, but clinically the patient 
showed neither signs nor symptoms of eardiae disease. A second pa- 
tient who had had no known previous eardiae symptoms dropped 
dead on his doorstep. Autopsy showed extensive infiltration of the 
pericardium with sareoid tissue, but the other structures of the heart 
were not involved. The third patient had sareoid nodules seattered 
throughout the pericardium and myocardium. In addition, there was 
a large sear in the interventricular septum which probably accounted 
for the ten-year history of Adams-Stokes syndrome and the complete 
auriculoventricular dissociation which was shown by the electrocardio- 
gram. In view of the history of syphilis and of the fact that the pa- 
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tient had received antisyphilitic treatment, the author could not ex- 
clude syphilis as the cause of the scar. Premature beats were also seen 
in the electrocardiogram. 

Many elinical reports, without autopsy, have indicated the presence 
of cardiae abnormalities in patients with sarcoidosis. In two of the 
four cases reported by Salvesen,'® in 1935, there were changing abnor- 
malities in cardiac mechanism. There were repeated attacks of parox- 
ysmal tachyeardia and severe palpitation in Case 3. The electroear- 
diogram showed inversion of T, and T,. The heart was normal in size 
in Case 4, but the cardiac mechanism was abnormal. The electro- 
cardiogram showed transient right bundle branch block, with prema- 
ture beats in the form of bigeminy. Tachyeardia was rather constant. 
The patient was treated with quinidine chloride for seven days, after 
which the bundle branch block disappeared. However, exercise and 
amyl nitrite caused return of the block. Harrell’! reported electro- 
cardiograms in eight cases in whieh there were no cardiac symptoms. 
No changes in mechanism were found. Longeope and Fisher’ stated 
that three of their unautopsied patients had evidence of myocardial 
damage and eardiae enlargement. Other case reports list dyspnea on 
exertion as a symptom, but, in these instances, mediastinal masses or 
pleural effusion, or both, were present, and could well have accounted 
for this symptom. It seems likely that some of these patients may 
have had sarcoid lesions of the heart, especially those who had striking 
and variable changes in cardiac mechanism. However, in the absence 
of autopsy confirmation, the other, more common, causes of cardiac 
disease cannot be excluded. This is well illustrated in Schaumann’s® 
third case, in which the patient had tachyeardia, premature beats, and 
low voltage in Leads I and III, but at autopsy no evidence of sareoid 
lesions was found in the heart. 

A review of the ease reports of Boeck’s sarcoid with cardiac lesions 
is hampered by the lack of uniformity in diagnostie criteria and the 
fact that many authors are of the opinion that sarcoidosis is a prolifer- 
ative and noneaseating type of tuberculosis. The evidence for this 
concept of sarcoidosis is discussed in detail by Pinner.’* Garland and 
Thomson“ reported a case of uveoparotid tuberculosis in which there 
was massive involvement of the visceral pericardium and myocardium. 
This case meets all of the eriteria for sarcoidosis. Both eyes and 
parotids were involved; the von Pirquet test was negative; at autopsy, 
disseminated lesions were found in the parotids, liver, kidneys, lungs, 
uterus, and heart. The microscopic picture was typical. No evidence 
of caseation was found in any of the lesions. Repeated Ziehl-Neelsen 
stains of the lesions were negative for acid-fast organisms. The pa- 
tient had had dyspnea, but no arrhythmia. No electrocardiogram was 
reported. Another case of uveoparotid fever was reported by Thom- 
son'® in 1930; it meets all of the criteria for a diagnosis of sarcoidosis 
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of the heart except for the fact that acid-fast bacilli were found in 
one of the slides from macerated pieces of the myocardium. 

In the case reported by Taussig and Oppenheimer’® as one of severe 
myocarditis of unknown cause, there were disseminated, tuberele-like 
lesions in which no tubercle bacilli could be demonstrated. However, 
this patient did have a positive tuberculin test and there was necrosis 
in some of the lesions. Jonas" deseribed five eases of granulomatous 
myocarditis, including that reported by Taussig and Oppenheimer. 
Case 3 of this group, in which the patient had a rapid course, a nega- 
tive tuberculin test, recurrent attacks of paroxysmal tachyeardia, and 
died suddenly, cannot be distinguished from some of the typical cases 
of sarcoidosis with ecardiae involvement. Anatomically, the lesions 
were widely disseminated and tuberele-like, without caseation. Ziehl- 
Neelson stains of the lesions showed no acid-fast organisms. Guinea 
pig inoculations were negative. The other four eases are less sugges- 
tive of sareoidosis in that, in Cases 2 and 5, there was considerable 
caseation, and the lesions in Cases 1, 4, and 5 were not regarded as 
typical tubercle-like lesions. 

Hirayama’ reported a case of specific myocarditis in which lesions 
were found in the heart, lungs, liver, and tracheobronchial nodes. 
Microscopically, the lesions were like noneaseous tubercles, and hence 
were typical of sarcoidosis. Studies for tubercle bacilli and spiro- 
chetes were negative. The patient had had recurrent attacks of short- 
ness of breath and ecardiae arrhythmia. In Brosig’s'® case the lesions 
‘annot be distinguished microscopically from sarcoidosis. This pa- 
tient died suddenly. No history was available. The mediastinal nodes 
and the heart, including the septum, showed extensive involvement. 
Studies for tuberele bacilli were negative. Brosig refers to several 
other cases in the earlier German literature which were of the same 
character as his, but were not reported as sarcoidosis. Undoubtedly 
there are other, similar cases in the literature which are typical of 
sarcoidosis, although they are reported as atypical tuberculosis, specific 
myocarditis, granulomatous myocarditis, or myocarditis of unknown 
cause. 

SUMMARY 


1. A ease of generalized sarcoidosis in which there was massive in- 
filtration of the myocardium is reported. The patient had had pre- 
mature ventricular beats from multiple foci, paroxysmal ventricular 
tachycardia, and severe congestive heart failure. 

2. Eight cases of sarcoidosis of the heart were found in a review of 
the literature. Clinical evidence of heart disease was present in three 
of these cases, and sudden death occurred in another. The electro- 
cardiogram showed no characteristic changes, but in several of the 
cases of massive cardiac involvement there were pronounced abnor- 
malities of the cardiac mechanism. 
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3. There seems to be little or no occasion to doubt that some of the 


cases reported as atypical tuberculosis, specific myocarditis, granu- 
lomatous myocarditis, and myocarditis of unknown cause were, in fact, 


eases of sarcoidosis of the heart. 
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Clinical Reports 


COR TRIVENTRICULARE* 
REPORT OF CASE 


(COMMANDER B. E. KonwALer, MC, U.S.N.R. 
ISLAND, CALIF. 


HIS ease is being reported because the author has not been able to 
find a report of a similar congenital anomaly.’ The specimen was 
shown to members of the Anatomy and Pathology Departments of the 
University of California and of Stanford University, who, likewise, 


could not recall seeing sueh a ease.” * 


CASE REPORT 


History.—C. A. R., a white man, 23 years of age, was admitted to the 
U. S. Naval Hospital, Mare Island, May 17, 1942. For two months 
prior to his admission he had been under the care of the Naval Dispen- 
sary staff at Long Beach, where a diagnosis of congenital heart disease, 
with subacute bacterial endocarditis, was made, and, on two occasions, 
Streptococcus viridans was recovered from the blood. 

On admission to the hospital, the patient gave the following history : 
In December, 1941, he developed severe, daily headaches and felt fever- 
ish every day. In January, 1942, he developed right-sided pleurisy, and, 
two weeks later, had pleuritic pains in the left side of the chest. He 
was hospitalized and continued to have daily afternoon fever, with at- 
tacks of pain in his abdomen and chest. He had oceasional attacks of 
precordial pain, dyspnea, and palpitation, and these grew worse. His 
past history revealed that he had had measles, mumps, rheumatic fever. 
and pneumonia. His mother further stated, ‘*He has always had a bad 
heart.”’ 

Physical Examination (On admission).—The patient was a well-de- 
veloped and well-nourished white man who appeared pale and tired. 
There was an area of dullness in the base of the left lung. The heart was 
not enlarged to percussion. The point of maximum impulse was in the 
fifth intercostal space within the midelavicular line. <A thrill was pal- 
pable over the entire precordium, but was best felt over the third inter- 
costal space on the left. The rhythm was regular and the rate was 88. 
A loud, harsh, blowing systolic murmur was heard over Erb’s point, 
was transmitted to the right shoulder, and could be heard over the entire 
anterior surface of the left side of the chest. The spleen was palpable 
and tender. 

Course in Hospital—During his stay in the hospital, he grew steadily 
worse. He showed, at intervals, symptoms and signs of embolism of 
various organs, especially the lungs and kidneys. He ran a spikelike 
temperature curve, developed pleural effusion bilaterally, showed grad- 
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ual enlargement of his liver and spleen, and, finally, three days before 
death, had extensive purpura. His therapy consisted of the following: 

1. Heavy doses of sulfonamides, at times resulting in a blood level of 
over 20 mg. per cent. 

2. Repeated, whole-blood transfusions. 

3. Opiates for both the precordial pain and the pain resulting from 
emboli. 

4. Oxygen. 

Laboratory Studies.—An electrocardiogram nine days before death 
showed no striking abnormality. There were sinus tachyeardia (rate 
124), right axis deviation, a P-R interval of 0.17 second, a QRS interval 
of 0.10 second, and depressed S-T segments in Leads I and II. Fluoro- 
scopic and roentgenographie examination of the chest, shortly before 
death, revealed generalized cardiae enlargement, with a prominent conus 
and definite enlargement of the right ventricle. Blood cultures (taken 
before the use of sulfonamides) showed nonhemolytie streptococci. After 
the sulfonamides were given, six blood cultures were negative (however, 
no p-amino-benzoie acid had been added to the eulture media to neu- 
tralize the sulfonamides in the blood). His erythrocyte count was gen- 
erally about 3,500,000 despite repeated transfusions, and, at one time, 
fell to 2,900,000. As the patient began to develop edema of the lower 
extremities, his total protein (serum) fell to 4.17 per cent and his al- 
bumin/globulin ratio was 1:1. 

Summary of Necropsy.—Died: Nov. 25, 1942, 4:09 s.m. Necropsy: 
Nov. 25, 1942, 9:30 a.m. 

The body was that of a white man who appeared to be about 30 
years of age (actual age, 23 years); it was about 71 inches in length 
and showed evidence of loss of weight. The right pupil was somewhat 
irregular. There was icterus (2 plus) which was quite marked in the 
sclera. Numerous petechiae were seattered over the skin, and some pur- 
purie areas were present over the tip of the nose, the right sclera, and 
the middle toe of the right foot. There was 3 plus edema of the right 
foot, 2 plus edema of the left foot, and 1 plus edema of both legs. 
Necropsy was restricted to examination of the chest and abdomen. 

Lungs and Pleural Spaces—tThe diaphragm reached the fourth inter- 
costal space on the right and the fifth intercostal space on the left. The 
left pleural space was completely obliterated by adhesions except for 
an area over the left upper lobe. There were dense pleuropericardial 
adhesions anteriorly on the left. Dense adhesions obliterated the right 
pleural eavity posteriorly. Each lung weighed 900 grams. There was 
a well-organized thrombus in the left pulmonary artery which oecluded 
the entire lumen. A smaller thrombus was found in the right pulmonary 
artery. Both lungs showed numerous infarets of various ages. Most of 
the infarcts were grayish-red and of fairly recent occurrence. There 
were quite marked pulmonary edema and congestion. 

Pericardial Sac.—Free of adhesions and anomalies. Contained about 
75 e.e. of bloodtinged fluid. 

Heart.—Weight, 460 grams. Valvular measurements as follows: 

A.V. 7.4 em. T.V. 13.7 em. 
MC. 10.7 em. 9.0 em. 


Right ventricular wall, from 0.5 em. to 1.7 em. in thickness. Left ven- 
tricular wall, 1.9 em. in thickness. 


i 
| 
| 


KONWALER: COR TRIVENTRICULARE 261 


There was an anomalous septum dividing the conus arteriosus from 
the body of the right ventricle. The pulmonary artery thus led into a 
conical chamber which had a perforation in the upper portion of the 
septum for communication with the right ventricle (Fig. 1). This open- 
ing measured 1.5 em. in diameter and had a firm fibrous margin whieh 
was covered by vegetations. There were two smaller openings in the 
lower portion of the septum (Fig. 1). These measured about 3 mm. 
and also led into the right ventricle. No vegetations were visible grossly 
over these lower openings. The wall of this chamber measured about 
3mm. The pulmonie cusps were covered by large, friable, caulifiower- 
like vegetations which extended downward on the endocardium to the 
large opening in the septum, deseribed above. The remaining chambers 
showed no anatomie defects. There were small vegetations on the mitral 
valve (Fig. 3, arrow); more prominent vegetations were seen on the 
tricuspid and some on the aortic valve. There were small subendoeardial 
purpurie areas in the right auricle and small petechiae in the epicardium. 


Fig. 1.—Showing abnormal extra chamber (ventricle). Note cauliflower-like vege- 
tations on pulmonary artery. Arrows indicate openings in anomalous septum, com- 
municating with right ventricle. 


The right auricle was dilated and the wall hypertrophied. The heart 
thus showed no external evidence of abnormal development, but con- 
tained a persistent septum which created a separate chamber from which 
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the pulmonary artery led. Blood passed into this abnormal chamber 
through an opening in the upper portion of the anomalous septum, and 
this led into the right ventricle (Fig. 5). The margins of this opening 
were fibrous and covered by vegetations. There was no defect in the 
interventricular septum. (The anomalous openings are visible in Figs. 1 
and 2, which show the pulmonary artery, the anomalous chamber, and 
the right ventricle. Fig. 3 shows the left ventricle and mitral valve.) 

Liver.—tThe inferior border reached 13 em. below the xiphoid process 
and 7.5 em. below the right costal margin. Weight, 1,900 grams. On 
eut section, no gross infarets were found. 


Fig. 2.—Right ventricle. Tricuspid valve folded back to show opening (arrow) lead- 
ing from right ventricle to abnormal chamber. 


Spleen.—Weight, 600 grams. The eut surface showed old and recent 
infarcts. The old infarcts were yellowish, wedge-shaped, and showed 
beginning organization. 

Kidneys.—The right weighed 200 grams, and the left, 230 grams. 
The renal capsules were somewhat adherent. On stripping the capsules, 
several moderate-sized, grayish-red infarets were visible on the cortical 
surface. Also, numerous small petechiae were seen on the surface. The 
main renal arteries were opened and no thrombi found. 

Gastrointestinal Tract.—The stomach contained several hundred cubie 
centimeters of bloodtinged fluid. Particles of food were suspended in 
the fluid. The mucosa showed a number of small, pinhead-sized hemor- 
rhages. There was a moderate-sized purpurie area in a loop of small 
intestine. The peritoneal cavity contained about 200 e.c. of blood- 
tinged fluid. 
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Anatomic Diagnoses.—(1) Congenital (embryonal) defect in heart; 
(2) anomalous septum formation in right ventricle; (3) perforations 
of anomalous septum; (4) valvular endocarditis, vegetative; (5) mural 
endocarditis; (6) infaretion of lung, spleen, intestines, and kidney; (7) 
purpura; (8) cardiac hypertrophy and dilatation; (9) eardiae hepato- 
megaly; (10) cardiac splenomegaly; and (11) adhesive pleuritis, old. 

Microscopic examination confirmed the gross diagnoses. 


Fig. 3.—Left ventricle. Interventricular septum normal. Small vegetation on mitral 
valve (arrow). 
DISCUSSION 
This ease presents further evidence of the occurrence of bacterial 
inflammatory processes in cardiovascular defects.” * Abbott points out 
that bacterial endocarditis is more likely to occur in those congenital 
heart lesions where there is mechanical obstruction to the flow of blood. 
Such areas act as a locus minoris resistentiae for invasion by micro- 
organisms which circulate through the blood stream from time to time. 
In our ease, there was definite obstruction to the normal flow, for the 
blood had to pass through a narrow opening (1.5 em. in diameter) to 
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reach the pulmonary artery. Abbott found an incidence of 17.6 per 
cent of bacterial endocarditis in cases of congenital heart lesions, and 
further found that this complication was more frequent among patients 
who live to maturity (the age of our patient was 23 years). 


aortic stem; 
AU, auricle, left; LV, left ventricle; RV, right 


Fig. 4.—Illustrating transformation of bulbus cordis. AO, Primitive 
B, bulbus cordis; P, pulmonary artery : 
ventricle. (After Keith.) 


yet 


Fig. 5.—Illustrating circulation in reported case. PA, Pulmonary artery; PV, pul- 
monary vein; PVR, pulmonary venous reservoir; SVR, systemic venous reservoir; RA, 


right auricle; RV, right ventricle; LA, left auricle, LV, left ventricle. 


Abbott and Dawson‘ published a clinical classification of congenital 
heart disease in which the cases were divided into three groups according 
to the mechanical effects upon the blood stream. Group 1 eomprised 
-ases without abnormal communication, but with strain, e.g., coarctation 
of the aorta. Group 2 ineluded cases of arteriovenous shunt, e.g., 
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patent ductus arteriosus, patent foramen ovale. Group 3 included 


eases of venous arterial shunt, e.g., cor triloculare biatriatum, persistent 
truncus arteriosus. Our ease should probably be placed in Group 1, 
for the direction of blood flow was not actually changed, but there was 
strain at the narrow, abnormal opening in the anomalous septum. 

As to the origin of the anomaly encountered in this heart, it would 
appear to be the result of persistence of the bulbus cordis. Sir Arthur 
Keith® has stressed the complicated changes that take place in the eriti- 
eal bulbar region, and Abbott adds, ‘‘The researches of Greil on the rep- 
tilian and Keith on the human heart, and of Jane Robertson on the 
fish show that the mammalian bulbus represents what was, at one time, 
an independent chamber with muscular walls and its own system of 
multiple valves which, in the ‘ontogenetie telescoping of phylogenetic 
stages’ has become submerged.’’ This case may, therefore, be an ex- 
ample of a phylogenetic anomaly. Saunders,® in studying our ease, 
stated, ‘‘There are two possible explanations: first, that there was some 
dichotomy of the original ventricular septum, the accessory portion 
dividing to the right and segregating the bulbus cordis; the other, that 
the septum of the truneus arteriosus instead of meeting the interven- 
tricular septum, has grown down to the right and separated off the ac- 
eessory champer.’’ This latter possibility can be visualized by a study 
of Fig. 4. The direction of blood flow in our ease is shown in Fig. 5. 


SUMMARY 


A ease of an unusual congenital anomaly of the heart is presented. 
The apparent persistence of the bulbus cordis, which became segregated 
from the rest of the right ventricle, resulted in the formation of a third 
ventricle. No other developmental defect was found, and the interven- 


tricular septum was intact. 
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CARDIAC INVOLVEMENT IN TRICHINOSIS: REPORT OF A 
CASE IN WHICH THERE WERE ELECTROCARDIO- 
GRAPHIC CHANGES 


THEODORE Z. PoLLEy, M.D., AND FRaNcIS D. Murpuy, M.D. 
MILWAUKEE, WIs. 


9 A COMPREHENSIVE review of the literature on the incidence of 
electrocardiographic changes as the result of myocardial damage 
eaused by Trichinella spiralis infestation it was found that the reported 
percentage of abnormalities varied from 4.5 per cent® to 33 per cent.” ? 
Masters and Jaffe'® state that 25 per cent of the patients have prolonged 
P-R intervals (0.22 second, maximum) and 33 per cent exhibit inversion 
of the T wave in Lead II. According to Spink,’ ? the electrocardio- 
graphie evidence of myocardia! damage in trichinosis is characterized by 
T-wave changes, which include initial flattening or inversion of the T 
wave, especially in Lead II, with later reversion to the upright position, 
low amplitude of the QRS complex, and intraventricular block. Electro- 
cardiograms taken in a ease deseribed by Cushing” showed that the T 
waves were inverted in Lead II and upright in Lead IV. These changes 
gradually disappeared. Pardee* mentions that T-wave changes may oc- 
cur in trichinosis. In their recent monograph, Llectrocardiography in 
Practice, Graybiel and White’? contend that there is rarely any altera- 
tion of the electrocardiogram, although in some ¢ases there are long P-R 
intervals and abnormal T waves. Katz'’ makes no mention of electro- 
‘ardiographie changes in trichinosis in his Exercises in Electrocardio- 
graphic Interpretation. 

The purpose of this paper is to report a case of proved trichinosis, 
with associated electrocardiographie changes, including definite T-wave 
alteration in the standard leads and two precordial leads, namely, IVR 
and CR,. To date, the patient has been followed for a ten-month period. 
Electrocardiograms were taken three times within a two-week period 
during the patient’s hospital stay, and monthly thereafter, in the Cardiae 
Clinie of the Milwaukee County General Hospital. 


REPORT OF CASE 


History.—R. S., a 36-year-old white woman, entered the hospital com- 
plaining of generalized body aches, loss of strength, headaches, anorexia, 
nausea, vomiting, pain in the midepigastrium, chills, and fever, of two 
weeks’ duration. On questioning, she admitted that she had eaten raw 
hamburger and tenderized ham recently on at least several occasions. 
The patient was apparently quite well until about two weeks before 
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entry, when the above-named symptoms began and gradually grew 
worse. The initial symptoms consisted of pain in the midepigastrium 
which radiated bilaterally into the flanks and the back. This was accom- 
panied by constant nausea, vomiting, and diarrhea. Shortly thereafter, 
the patient began to have pounding occipital headaches, and then de- 
veloped generalized body aches, pains, and weakness, principally in the 
legs and arms, especially on movement. One week before entry, she 
noted marked swelling of the eyelids. Four days before admission the 
patient felt very weak and found that she was unable to walk. A fever 
of 101° F. appeared, together with chills, which necessitated her remain- 
ing in bed prior to going to the hospital. During this illness she had for 
the first time a precordial pain radiating into the left axilla. Her past 
history was unimportant except for a gal! bladder operation four years 
previously. 

Physical Examination.—Blood pressure, 126/74; pulse rate, 104; 
respiratory rate, 20; and temperature, 101.4° F. 

The patient was well developed, well nourished, very lethargic, and 
exhibited flushed features. The body was warm and moist. The eyelids 
showed slight edema, but the conjunctivae were clear. The tongue ap- 
peared slightly swollen. The pharynx was injected, and showed hyper- 
trophic lymphoid tissue. The chest was emphysematous and thick. The 
respiration was regular at 20 per minute. The lungs were clear and 
resonant. On percussion, the heart was not enlarged; the apical impulse 
was not seen or palpated ; there were no thrills. Auscultation at the apex 
revealed tones of poor quality. There was a moderately rapid rate, 104 a 
minute, with sinus rhythm. No murmurs were heard. No abdominal 
organs were palpable. There was slight tenderness over the left calf. 

Progress Notes—During the first eleven days, the pain in the biceps, 
deltoids, and calves persisted, then became progressively less, and finally 
subsided completely. The patient was up and about after the fifth day, 
and during the whole period the heart sounds were of good quality. No 
arrhythmia was noted, and the patient had no cardiac complaints. On 
the second hospital day, and again on the twenty-third day, the skin 
test for trichinosis was definitely positive. Except for a temperature 
of 101.4° F. on the day of entry, and a temperature fluctuating between 
99.6° and 98.6° F. for the succeeding three days, the patient remained 
afrebrile throughout her hospital stay. 

The sedimentation rate by the Westergren method was 30 mm. for the 
first hour and 55 mm. at the end of two hours. The urine and stool 
examination revealed no pertinent abnormalities. The blood Wasser- 
mann and Kline reactions were negative. 

On the second hospital day the hemoglobin was 15 grams, and the 
leucocyte count, 27,050, with 39 per cent eosinophiles. During the first 
three weeks of the disease, the leucocyte count fell gradually to 14,100, 
but the eosinophiles remained between 32 and 50 per cent. Three months 
later the eosinophile count had fallen to 3 per cent, and seven months 
later, it was 2 per cent. 

Therapy consisted first of an obesity diet, and later of a high-caleium 
diet, magnesium sulfate, viosterol, and calcium gluconate. The patient 
recovered uneventfully and was transferred to the outpatient cardiac 
clinie of the Milwaukee County General Hospital 


Electrocardiographic and Roentgenographic Examinations—Eleven 
days after entry into the hospital, or approximately twenty-five days 
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after the onset of the disease, the first clectrocardiogram was taken 
(Fig. 1). It revealed sinus tachyeardia, definite left axis deviation, a 
slightly depressed S-T segment in Lead I, an inverted T wave in Leads 
II, IVR, and CR,, and a low T,. There was slight coving of the S-T seg- 
ment in Lead I. No other abnormalities were noted. 


IVR 


Fig. 1. Fig. 2. Fig. 3. 


Figs. 1, 2, and 3.—Electrocardiograms from patient with trichinosis heart disease, 
at the onset, revealing definite evidence of myocardial damage. Discussed in text. 
Fig. 1, Feb. 17, 1942; Fig. 2, Feb. 26, 1942; and Fig. 3, March 4, 1942. 

Another, taken nine days later (Fig. 2), revealed changes similar to 
those in Fig. 1, with the exception that the S-T segment in IVR showed 
definite coving. 
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In the third electrocardiogram (Fig. 3) there were changes sugges- 
tive of healing. T, had started to recede, as had the T wave in Lead 
CR,;. The T waves in Lead III were negative, and the coving of the S-T 
segment in Lead IVR persisted. 


IVR 


CRs 


Fig. 4. 
Figs. 4, 5, and 6.—Electrocardiograms from patient with trichinosis heart disease, 
1942 


showing signs of healing. Discussed in text. Fig. 4, May 7, 19 Fig. 5, June 4, 
1942; and Fig. 6, Oct. 20, 194 


The subsequent figures showed gradual return of the T waves to the 
isoelectric line in all the standard leads. The persistent flatness of the 
T waves in the standard leads and the inverted T waves in IVR and CR. 
after an eight-month period would indicate residual myocardial damage. 

The teleoroentgenogram showed 'a slight increase in the transverse 
diameter of the heart, probably because of the short stature of the 
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patient. Radiographic soft tissue studies of the lower part of the legs 
and the upper part of both arms demonstrated no evidence of eneysted 
trichinae. 

Laboratory Examination.—Bone marrow obtained by sternal puncture 
revealed the following: Many mature polymorphonuclear leucocytes, a 
profusion of eosinophiles in all stages of development, a slightly in- 
creased number of plasma cells, and a normoblastie series which was 
normal in distribution and maturation. 

Biopsy of the left gastrocnemius showed extensive inflammatory in- 
filtration with many eosinophiles and leucocytes. No parasites were 
found. The inflammatory reaction was suggestive of trichinosis. 

Subsequent Course._-The patient has been seen every four weeks since 
the date of her discharge. Her only complaint has been occasional 
nervousness and cough. The heart on all occasions has been regular, 
with a rate of 88 to 90, and the blood pressure remains at approximately 
130/90. No murmurs are present. Another cutaneous test for trichinosis 
was positive. The electrocardiographie changes are illustrated in the 


accompanying figures. 
COMMENT 


Medical literature leaves little doubt that the myocardium is resistant 
to the trichinella organisms. As early as 1860, Zenker first observed 
the larvae in the myocardium of a patient who had died of the disease. 
Since that time, mention has been made of the fact by numerous ob- 
servers, including Frothingham,’? Prym,'® Graham,'* and Zoller." 
Zoller, who worked with guinea pigs, confirmed the work of Graham," 
and observed that the larvae were rarely found in the myocardium after 
the second week of the infection. He concluded that the larvae either 
were killed in situ or left the myocardium rapidly, re-entering the cireu- 
lation. The damage to the cardiac muscle was only temporary, he stated, 
for at no time did he find any evidence of permanent alteration of the 
myocardium. 

The theory advanced by Simmonds,'’ in 1919, that the lesions were 
‘aused by toxie substances from the trichinae, carried by the blood 
stream to the heart, was quite conclusively disproved in 1933 by the 
work of Dunlap and Weller*® on white rats which were fed trichinous 
meat, and more recently by Mauss and Otto.‘ Dunlap and Weller state, 
‘‘The myocardium showed alterative and exudative lesions in all respects 
comparable to those found in human hearts. Trichinae embryos were 
found in these foci as early as five duys after feeding. After active 
migration of the larvae had ceased, the myocardium showed no reaction, 
although eneystment of the larvae in skeletal muscle was occurring to a 
marked degree. 

‘*Tt is the presence of the larvae in the myocardium and their active 
migration, not a blood-borne toxie substance, which produces the charac- 
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teristic carditis. It is not quite clear what are the factors probably in- 
herent in the heart muscle which prevent encystment.’’ 

Mauss and Otto* state that the larvae invade the myocardium of rats 
and are destroyed in situ. Few inflammatory foci suggestive of the 
presence of worms were seen in the myocardium on the twelfth to 
fourteen day. 

Reports on the electrocardiographic changes caused by trichinella in- 
vasion of the myocardium have been to date rather uniform. Masters 
and Jaffe’® report a prolonged P-R interval (0.22 second, maximum) 
and inversion of the T waves. Spink! ? says that T-wave changes occur, 
especially in Lead II, and are accompanied by low amplitude of the 
QRS. Cushing’ reports inversion of T, and T,, and Graybiel and 
White’ agree with Masters and Jaffe."® 

The electrocardiographie changes undoubtedly vary decidedly with the 
amount of damage inflicted upon the myocardium at any one time, thus 
eliminating a pathognomonic electrocardiographie alteration. This was 
true in our ease, in which there were T-wave changes in all standard 
leads and in precordial Leads IVR and CR,. The P-R interval was never 
over 0.16 second and the QRS interval never over 0.04 second. The QRS 
complex approached low voltage in the standard leads. The first two 
electrocardiograms, taken on the eleventh and thirteenth hospital days, 
respectively, showed sinus tachyeardia. Left axis deviation was present 
in all the electrocardiograms. 


SUMMARY 


A ease of trichinosis, with infestation of the heart and electrocardio- 
eraphie changes suggestive of marked myocardial damage, is reported. 

The electrocardiographic abnormalities are not always limited to T- 
wave changes in Leads II and III and prolongation of the QRS complex, 
but may include T-wave changes in the precordial leads which simulate 
those which oeceur in myocardial infarction. 

Deviations of the electrocardiogram from normal are dependent 
upon the amount of damage inflicted upon the myocardium by the 
trichinellae. The damage undoubtedly varies with the number of in- 
vading organisms. 
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Abstracts and Reviews 


Selected Abstracts 


Katz, L. N., Rodbard, S., and Meyer, J.: Blood Pressure Responses of Dogs to 
Vitamin A and Vitamin D,. Am. J. Physiol. 140: 226, 1943. 


The authors cannot confirm the observations that vitamin A in large quantities 
lowers the blood pressure in hypertensive dogs; or that vitamin D in large quanti- 
ties raises the blood pressure in normotensive dogs. 

However, it was found that, on occasion, a dog will show a slight lowering of 
an elevated blood pressure with vitamin A concentrate in fish oil or sesame oil, 
and a moderate rise in blood pressure with vitamin D. Attention is drawn to the 
frequent occurrence of a moderate rise in blood pressure of fairly long duration 
which occurs after a latent period following cessation of vitamin A concentrate 
therapy. 

AUTHORS. 


Landsteiner, E. K., and Hayes, M.: The Effect of Temperature of the Blood 
on the Heart Rate. Am. J. Physiol. 140: 256, 1943. 


In the intact cat and rabbit, the injection of cool physiologic saline solution 
(22° C. to 36° C.) into the external jugular vein results in a bradycardia, and, 
conversely, the injection of warm saline solution (43° C. to 57° C.) into the 
external jugular vein results in a tachycardia. This effect is not altered by bi- 
lateral cervical section of the vagus nerves, nor by the action of the several types 
of anesthetic agents employed. 

AUTHORS. 


Cossio, P., Dambrosi, R. G., and Bottazzi, J. J.: The Unfolding of the First 
Sound of the Heart. Rev. argent. de cardiol. 10: 1, 1943. 


The simultaneous reeords of the phonocardiogram (eleetrie method with 
selective microphones for different frequencies) with the venous pulse, central 
arterial pulse, or electrocardiogram, in fifty patients selected at random, present- 
ing at auscultation a reduplication of the first sound, revealed that the reduplica- 
tion was systolic in forty-one (82 per cent) and presystolic in nine (10 per cent). 

In 61 per cent of the cases with systolic reduplication, the two components 
had the same tonality and practically the same duration, and in 39 per cent, the 
second component of the reduplication was sharper and shorter than the first, 
taking the characteristics of a click. In the first type the second component 
appeared between 0.60 to 0.08 seconds after the beginning of QRS, and coincided 
with the ascendant limb of the main wave of the central arterial pulse, but in the 
second type it appeared delayed (sometimes ecainciding with a notching in the 
arteriogram ). 

In the presystolic reduplication, the first component was made up of vibra- 
tions of a lesser frequence, and, generally, not as broad as the second one. Al. 
most always, it was observed in patients with P-Q interval lasting more than 
0.20 second. In 20 per cent, it was a simple splitting; in the remaining 80 per 
cent, a reduplication; both types were better heard and recorded at the apex. 
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Out of the fifty patients, only 20 per cent had no organie cardiovascular dis- 
ease, and in every one of them the reduplication happened to be systolic. The 
rest had systemic or pulmonary hypertension, aortic diseases, or abnormal ven- 
tricular activation. 

In opposition to what was previously found by the authors, using the direct 
method of optical recording, in this work the presystolic reduplication of the 
first sound appeared less frequently than the systolic one, and had always a 
pathologic meaning, being observed when there were favorable conditions to the 
appearance of the auricular sound, whether due to prolongation of the A-V con- 
duction time, or to the increase of the diastolic remainder. 

The systolic reduplication of the first sound may be due to ventricular 
asynchronism, or abnormal splitting of the isometric and ejeective components, the 
latter being able to acquire all the characteristies of a elick, owing to structural or 


hemodynamic alterations. 
AUTHORS. 


Gilligan, D. R., Altschule, M. D., and Katersky, E. M.: Physiological Intravascu- 
lar Hemolysis of Exercise. Hemoglobinemia and Hemoglobinuria Following 
Cross-Country Runs. J. Clin. Investigation 22: 859, 1943. 


Studies of intravascular hemolysis, as measured by the appearance of hemo- 
globinemia and hemoglobinuria, have been made in groups of athletes following 
cross-country runs of 2.6 to 26.2 miles. The plasma bilirubin, the red fragility, the 
hematocrit, and the urinary albumin and sediment were also studied. 

Hemoglobinemia was observed in five of eleven young athletes who ran 2.6 to 
2.8 miles, in five of eleven athletes who ran 4.5 to 5.1 miles, and in eighteen of 
twenty-two men who ran 26.2 miles, 

Hemoglobinuria was observed in one of these athletes on three occasions after five 
mile runs. Hemoglobinuria occurred in four of the twenty-two men who ran 26.2 
miles; these urines were brownish to very dark burgundy red. Observations en one of 
these four athletes showed the occurrence of hemoglobinuria again after a 20-mile 
run, 

The oceurrence of intravascular hemolysis appeared to be unrelated to the age, 
body build, or standing position of the runners, or to the number of years or state 
of their training. 

Hemoglobinemia and hemoglobinuria disappeared in a 
of the run. It has been calculated that the amount of blood destroyed intra- 


few hours after the end 


vascularly is very small, 

The plasma bilirubin was distinctly elevated after the marathon run. The signifi- 
eance of this hyperbilirubinemia is discussed. 

Quantitative studies revealed normal erythrocyte fragility after the marathon 
runs. 

Transient albuminuria was observed frequently after the 2.6- 
in every instance after the marathon run, Transient urinary 
elements occurred frequently after the shorter runs and in almost every instance 


to 5.1-mile runs and 
excretion of formed 


after the marathon runs. 

Hemoglobinemia sometimes accompanied by hemoglobinuria occurs in man with 
sufficient frequency after strenuous runs to be considered physiologic under these 
conditions. This intravascular hemolysis after strenuous runs is comparable in its 
apparently benign nature to the albuminuria of exercise. The importance of 
differentiating this condition from pathologie states leading to the passage of red 


urine is obvious. 
AUTHORS. 
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Wintrobe, M. M., Alcayaga, R., Humphreys, S., and Follis, R. H., Jr.: Electro- 
cardiographic Changes Associated With Thiamine Deficiency in Pigs. Bull. 
Johns Hopkins Hosp. 72: 169, 1943. 


Thiamine deficiency is associated with proncunced electrocardiographic changes 
in the pig. These include bradycardia and prolonged P-R interval as well as second 
degree auriculoventricular block, abnormalities in the P waves, inversion of T,, nodal 
and ventricular premature beats, auriculoventricular dissociation, complete block 
with ectopic ventricular rhythm, and auricular fibrillation. 

Inanition alone may cause bradycardia but thiamine deficiency appeared to cause 
a greater degree of slowing than could be accounted for by inanition. It is con- 
cluded that, in the thiamine-deficient pig, bradycardia is attributable to the vitamin 
deficiency rather than, or in addition to, inanition. Evidence is presented which 
indicates that the bradycardia as well as certain other signs are the result of vagal 
overaction, 

The electrocardiographic changes are probably the expression of the disturbance 
in metabolism which is caused by lack of thiamine. 

AUTHORS. 


Dressler, W.: A Case of Myocardial Infarction Masked by Bundle Branch Block 
but Revealed by Occasional Premature Ventricular Beats. Am. J. M. Sc. 206: 
361, 1943. 


A ease is reported in which myocardial infarction was associated with left bundle 
branch block. Significant electrocardiographic changes suggestive of myocardial in- 
farction were absent in the regular beats but were displayed by premature beats 
of ventricular origin. 

AUTHOR. 


Lascano, E. F.: The Normal Blood Supply of the Node of Tawara, The Bundle 
of His and Its Branches. Rev. argent. de cardiol. 10: 23, 1943. 


By means of injecting the coronaries with a colored gelatin mixture the following 
has been shown in the human heart: 

The first posterior perforating or ramus septi fibrosi of Hass, is the main artery 
to both the bundle of His and Tawara’s node; it anastomoses with others, including 
quite frequently the one which supplies the sinoauricular node. 

In so far as the blood supply to the right branch of the bundle is concerned, this 
ean be divided into three parts. The first is supplied by an anastomotic plexus 
derived from terminal branches of ramus septi fibrosi, the second posterior perforat- 
ing (ramus septi ventriculorum superior of Hass), ramus cristae supraventricularis 
(which runs in the portion of the cardiac muscle so named), and the first anterior 
perforating arteries. The second part is supplied by the artery to the ansiform band 
or Gross’ ramus limbi dextri, a series of arterioles arising from the plexus supplying 
the first portion, collaterals of other anterior perforating, and collaterals of posterior 
perforating arteries. All these vessels anastomose with one another. The third part 
is supplied by nutrient arteries of the nonspecific myocardium further on than the 
anterior papillary muscle, which also freely anastomose with one another. 

Similarly, the left branch of the bundle of His may be divided, in so far as its 
blood supply is concerned, into three parts. The first portion is supplied by a plexus 
of anastomoses formed by the following: terminal branches of the ramus septi 
fibrosi, terminal branches of ramus septi ventriculorum superior, terminal branches 
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of rams cristae supraventricularis, terminal branches of special anterior perforat- 
ing which was manifest in 50 per cent of the specimens and which the authors pro- 
pose denominating ramus limbi sinistri, the remaining 50 per cent being supplied by 
multiple small arterioles, The second part, spreading over the middle and lower 
parts of the interventricular septum, is supplied by other anterior and posterior per- 
forating arteries which anastomose with one another profusely. The third part is 


supplied by arteries of the nonspecific extraseptal myocardium which also freely 


unaustomose with one another. 
By means of improvements in the classic techniques of investigating coronary 
circulation and performing various experiments, it was possible to demonstrate 
definitely and clearly that not only do the arteries intrusted with the blood supply 
to the node (Tawara’s), bundle of His, and its branches, anastomose with one an 
other, but that these same vessels do so with the nutrient arteries of the nonspecific 
myocardium. These arteries should be considered as merely main arteries 2nd not 
terminal vessels to the above-named node, bundle, and its branches, The anastomoses 
have a diameter of roughly 50 microns, and, from the abundant number of vessels 
involved, it can be deduced that these anastomoses play an important function. 
Both the main arteries and the anastomoses concerned in the supply to Tawara’s 
node, the bundle of His, and its branches, run in the same direction as the wave of 
excitability. 
AUTHOR. 


Jaleski, T. C., and Morrison, E. T.: Congenital Heart Block: A Study of Two 
Cases in Healthy Adults. Am. .J. M. Se. 206: 449, 1945. 


Two cases of congenital heart block are reported. The first ease, which has been 
studied for four years, is a healthy adult who has no cardiae symptoms and no 
other apparent anomalies. The second case, which has been followed from birth, 
has had no cardiac symptoms except for some syncopal attacks. This case is of 
particular interest in that the patient has had two normal pregnancies without any 
serious cardiac disturbance, 

AUTHORS, 


Luisada, A. A., and Mautner, H.: Experimental Studies on Functional Murmurs 
and Extra Sounds of the Heart. Exp. Med. & Surg. 1: 282, 1943. 


Experimental studies have been made on heart sounds and murmurs of animals 
with simultaneous registration of the electroeardiogram and the phonocardiogram. 
Different drugs have been injected, the vagus nerve stimulated, and other procedures 
also tried in order to produce extra sounds and murmurs. 

Analysis of the records has shown the following results: A systolic murmur is 
often present in marked tachycardia, independently from pressure conditions. Pro 
longation of the heart sounds because of bundle branch block may simulate mut 
murs, Extra sounds, causing the appearance of gallop rhythm, oeeur in certain 
experimental conditions where vagus stimulation is accompanied by increased con 
tractility of the myocardium. During heart block two loud sounds may follow a 
A prolonged auricular sound and also a prolonged 
Sometimes they may 


blocked auricular eontraction. 
third sound may be observed in some experimental conditions, 
attain such length as to become real functional rumbles, Possible explanations are 


discussed. Unexplained extra sounds were observed exceptionally, and are discussed 


in the text. 
AUTHORS. 
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Rich, A. R., and Gregory, J. E.: Experimental Evidence That Lesions With the 

Basic Characteristics of Rheumatic Carditis Can Result From Anaphylactic 
Hypersensitivity. Bull. Johns Hopkins Hosp. 73: 239, 1943. 


Rabbits subjected to experimental serum sickness develop, in some eases, cardiac 
lesions that, in their basic characteristics, resemble closely those of rheumatic carditis. 
These lesions are illustrated, and circumstances compatible wiih the view that the 
lesions of rheumatic fever may be the results of focal reactions of the anaphylactic 


type are discussed. 
AUTHORS. 


Banerjea, J. C.: Subcutaneous Nodules in Rheumatism. Indian J. Pediat. 10: 


41, 1943. 

The Indian literature on the incidence of rheumatie infection, rheumatic heart 
disease, and rheumatie nodules has been reviewed. A clinical study on rheumatic 
nodules based on 181 cases of juvenile rheumatism has been presented. 

The incidence of rheumatic nodules is 8.2 per cent. From a comparison of the 
corresponding figures of different workers in different countries, it appears that 
acute rheumatism in Bengal, if not in India, follows closely that in the temperate 
zones, namely, Europe, and the United States. Its essential clinical features, in- 
cluding the occurrence of subeutaneous rheumatic nodules, are also similar. 

AUTHOR. 


Dressler, M., and Silverman, M.: Cardiovascular Syphilis: An Approach to Early 
Clinical Recognition and Early Treatment. Ann. Int. Med. 19: 224, 1943. 


Of 1,270 cases of proved syphilis studied, 24 per cent were diagnosed clinically 
as uncomplicated aortitis, and 30.7 per cent as cardiovascular syphilis as a whole. 
Of the latter group, 78 per cent were cases of uncomplicated aortitis. The propor- 
tion of males to females was approximately two to one, and that of the white to 
the Negro race approximately the same. 

The criteria for the physical diagnosis of uncomplicated aortitis are presented 
and discussed, and are found of value in patients 40 vears of age or younger. It is 
more common in the Negro than in the white race in this age group. The high per- 
centage (47.4 per cent) of hypertension among the cases of cardiovascular syphilis 
studied is not purely coincidental. No 


Uncomplicated aortitis is more common 


valid reason is advanced for its presence. 


among congenital syphilitics than has been 


reported heretofore. 

Of 128 patients with cardiovascular 
complicated aortitis had been diagnosed 
Uncomplicated aortitis is a symptomless disease. 
Neurosysphilis was present in 26.6 per cent of the 
Fluoroscopy and roentgenography are of value in 


syphilis who remembered the chancre, un 
in thirty-eight cases within ten years 


the primary infection. Hints on 
physical diagnosis are discussed. 
eases of cardiovascular syphilis. 
corroborating the clinical diagnosis. Uncomplicated aortitis can be diagnosed celin- 


ically in a normal-sized aorta. 
AUTHORS. 


Golden, A., Dexter, L., and Weiss, S.: Vascular Disease Following Toxemia of 
Pregnancy (Preeclampsia and Eclampsia); Observations on Its Clinical Course. 
Arch. Int. Med. 72: 301, 1943. 

The rather common occurrence of permanent vascular disease following toxemia of 
pregnancy (pre-eclampsia and to a less extent eclampsia) is described, and the 
clinical course of this hypertension is studied. 
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The clinical analogy between toxemia of pregnancy and acute glomerulonephritis 
as regards the acute phases and the late effects on the vascular system is pointed out. 

The duration, more than the severity, of the toxemia during pregnancy determines 
the development of permanent post-partum vascular disease. 

A latent period of at least several months may intervene between toxemia of preg- 
nancy and the development of recognizable permanent hypertension or albuminuria. 

After toxemia of pregnancy, hypertension may persist for at least a year and then 
disappear. 

The post-partum course may be predominantly hypertensive or albuminuric, ap- 
parently dependent on a similar predominance in pregnancy. 

The course is prone to be rapidly progressive in comparison with that of the 
other types of hypertension. 

Death usually oceurs as a result of uremia, cerdiace failure, or cerebral hemorrhage, 
as in other types of hypertension. Retinal changes occur, such as vascular sclerosis, 
hemorrhages, and exudates, but no instances of true albuminurie retinitis have been 
observed. 

Nephrosclerosis is the characteristic post-mortem finding. The pathologic con- 
dition in the kidneys in other respects is variable, however, and at times may duplicate 
that of chronic glomerulonephritis. This is not surprising, as both diseases start 
with a diffuse glomerular lesion, and the hypertensive vascular disorders following 
the two diseases may run almost identical clinical courses. 

The importance of recognizing this group of patients with posttoxemic hyperten- 
sion lies in its prevention. The late vascular effects of toxemia may be prevented by 
interrupting pregnancy before hypertension and albuminuria of toxemia have lasted 
for more than three weeks. This applies as much toe mild as to severe toxemia. 

AUTHORS. 


Likoff, W. B., and Levine, S. A.: Thyrotoxicosis as the Sole Cause of Heart 
Failure. Am. J. M. Se. 206: 425, 1943. 


A study was made of 409 cases of thyrotoxicosis operated upon at the Peter Bent 
Brigham Hospital, from 1923 to 1941, inelusive. There were 331 (81 per cent) 
‘‘noneardiacs’’ and 78 (19 per cent) ‘‘cardiaes.’’ Among the latter there were 
45 with hypertensive disease, 20 with rheumatic heart disease, 12 with coronary 
artery disease, and one with syphilitic aortie insufficiency. 

There were 39 cases of heart failure among the 78 ‘‘cardiacs’’ (50 per cent), 
and 21 instances of definite congestive failure among the 331 ‘‘noncardiacs’’ (6.5 per 
cent). It is apparent, therefore, that thyrotoxicosis not infrequently is ihe sole cause 
of congestive heart failure. 

It was found that congestive failure was more likely to occur in the female sex, 
with increasing age, when the thyrotoxie state lasted longer and when auricular 
fibrillation was present. No satisfactory explanation was found for the heart fail 
ure especially in the ‘‘noncardiae’’ group. It is suggested that vitamin B deficiency 
may play a contributory part. 

The similarity between symptoms and physical findings in mitral stenosis and 
thyrotoxicosis may lead to errors in diagnosis, for even left auricular dilatation on 
roentgen ray examination is found in the latter condition. 

In 99 cases with cardiac involvement there was no surgicai mortality. All but 
seven of these had a one-stage subtotal thyroidectomy. The surgical mortality in 510 
cases without heart disease, however, was 2.6 per cent. It is believed, therefore, that 
the so-called severe thyrocardiacs require a multiple stage operation, and it is felt 
that they cause less concern than the younger exophthalmic goiter cases, when surgical 
treatment is planned. 

It is evident that ‘‘masked thyrotoxicosis’’ is being overlooked as a cause of 


heart failure, an error which is very costly because the condition is curable. 
AUTHORS. 
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Taylor, R. D., Corcoran, A. C., Shrader, J. C., Young, W. C., and Page, I. H.: 
Effects of Large Doses of a Vitamin A Concentrate in Normal and Hypertensive 
Patients. Am. J. M. Se. 206: 659, 1943. 


Vitamin A concentrate is ineffective in the treatment of essential hypertension in 
daily doses of 100,000 to 400,000 units for five to ninety days. 

The vitamin concentrate causes renal vasodilatation and increased functional 
capacity for secretion of diodrast with increased cardiac output. The suggestion is 
made that it may have application in the treatment of degenerative renal diseases, 

AUTHORS. 


Howland, E. S., and Sprofkin, B. E.: Saccular Aneurysm of the Abdominal Aorta: 
Report of a Case With Terminal Anuria and Rupture into the Duodenum. Aim. 
J. M. Se. 206: 363, 1943. 


The recent literature relating to saccular aneurysm of the abdominal aorta (520 
vases) has been reviewed with especial reference to cases with rupture into the in- 
testinal tract (fifteen cases) and those associated with symptoms suggesting urologic 
disease. 

A case, apparently of arteriosclerotic origin, is presented in which there was both 
anuria of three days’ duration, and rupture of the aneurysm into the duodenum as 


a terminal event. 
AUTHOR. 


Laipply, T. C.: Syphilitic Aneurysm of Celiac Artery. Am. J. M. Se. 206: 453, 
1943. 


Review of the literature shows that aneurysm of the celiac artery is rare. . The 
case reported is one of saccular syphilitic aneurysm of the celiac artery complicated 
by bleeding into the intestinal canal by way of the pancreatic duct. The signs and 
symptoms simulated acute cholecystitis. 

AUTHOR. 


McCall, M., and Pennock, J. W.: Disseminated Necrotizing Vascularities—The 
Toxic Origin of Periarteritis Nodosa. Am. J. M. Se. 206: 652, 1943. 


Widespread necrotizing arteritis is herewith described in a series of autopsies. 
There was no history of sulfonamide sensitivity or serum sickness in these patients. 
Sulfonamide therapy was used in the terminal illness. The vascular lesions were 
widespread, and are considered to be a specific reaction of blood vessels previously 


sensitized by some nonspecific toxin. 
AUTHORS. 


Van Dellen, T. R., de Takats, G., and Scupham, G. W.: Vascular Diseases, Ninth 
Annual Review. Arch. Int. Med. 72: 518, 1943. 


The present review compiled under wartime conditions does not show a noticeable 
decline in original material during the past year. Dicourmarin has been given 
considerable attention, and many of the articles on heparin have been omitted, pend- 
ing decision as to their value when this drug is finally compared with the former 
compound. The review includes a critical, comprehensive summary of the literature 
on vascular surgery. This has been focused naturally this year on war injuries and 
their treatment. A notable feature is a review of the results obtained from ligation 
of the patent ductus arteriosus in the presence of subacute bacterial endocarditis. 

McCULLOCH. 
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Gregg, D. E., Pritchard, W. H., Shipley, R. E., and Wearn, J. T.: Augmentation of 
Blood Flow in the Coronary Arteries With Elevation of Right Ventricular 
Pressure. Am. J. Physiol. 139: 726, 1943. 


The effect of pulmonary artery constriction upon coronary inflow has been 
studied in the anesthetized open chest dog. Progressive elevation of right ventricular 
pressure by this means (to 80 mm. Hg systolic) is accompanied by a progressive and 
considerable augmentation in right coronary inflow (25 to 200 per cent) and a 
smaller but definite increase in left coronary inflow (19 to 29 per cent) when aortic 
perfusing pressure remains, or is kept, at the control value. Right coronary inflow 
may also increase in spite of a moderate, uncompensated reduction in coronary pet 
fusing pressure (aortic pressure). 

These findings, obtained in the anesthetized, open chest dog, are diametrically 
opposed to those reported by other investigators using different methods and 
preparations. 

AUTHORS. 


Henderson, Y.: Tonus and the Venopressor Mechanism: The Clinical Physiology 
of a Major Mode of Death. Medicine 22: 223, 1943. 


The author’s studies on how men die, made during the past forty vears, are sum- 
marized. Among the vasomotor and venopressor reactions and adjustments or mal- 
adjustments of the circulation, by far the most important is the primary failure in 
the spinal motor centers, It occurs gradually as the dying patient grows weaker. 
The muscles lose their tonus and intratissue pressure. The booster pumps in the 
bundles of musele fibers beat more and more feebly. Less and less blood is supplied 
to the right heart and correspondingly less is available to be pumped into the ar- 
teries by the left heart. As the arterial stream diminishes, the vasomotor mechanism 
makes 2 compensatory effort to maintain sufficient arterial pressure to supply blood 
to the brain. And when further compensation is no longer possible, the final and 
fatal fall of arterial pressure and standstill of the circulation occur. 

AUTHOR. 


Winkler, A. W., and Hoff, H. E.: Potassium and the Cause of Death in Traumatic 
Shock. Am. J. Physiol. 139: 686, 1943. 


Concentration of potassium in serum consistently increases when secondary shock 
is induced by re-establishment of circulation in an ischemic limb. 

Death usually occurs with respiratory failure prior to or simultaneous with cardiac 
arrest, and is usually not due to potassium poisoning. Concentrations of potassium 
in serum, while both respiration and heart are active in the shocked animal, seldom 
exceed 8 mM per liter. These levels are too low to cause any circulatory embarrass- 
ment; minor electrocardiographie changes only are noted. 

Exceptionally, death may be due to eardiace arrest from spontaneous autointoxica- 
tion with potassium. Long persistence of the shocked state with failure of renal 
excretion favors this event. It is characterized by the attainment of concentrations 
of potassium in serum exceeding 10 mM per liter while both heart and respiration 
are active, and by cardiac arrest while the respirations are still normally active. 

After respiratory arrest, there may be a rapid agonal elevation of the serum 
potassium. Such increases are the result and not the cause of the terminal event. 


AUTHORS, 
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Lange, K., and Boyd, L. J.: Objective Methods to Determine the Speed of Blood 
Flow and Their Results (Fluorescein and Acetylene). Am. J. M. Se. 206: 438, 
1943. 


The appearance of fluorescein in the lips under a special long-wave ultraviolet 
light can be used to determine the circulation time, but certain conditions must be 
observed in order to obtain reliable results. 

In 212 normal adults, the values for the fluorescein circulation time ranged be 
tween 15 and 20 seconds, and the majority between 15 to 17.5 seconds. 

The average of the circulation time is longer in older patients. 

Work accelerates the circulation time considerably and may make it two and a 
half times faster than normal. 

Fever shortens circulation time (six cases). 

The fluorescein method can be used to determine the velocity to different points 
of the body. The average time to conjunctiva, lips, rectum, and foot, is 10, 15, 18, 
and 23 seconds, respectively. The conjunctiva is not an appropriate place to test the 
cireulation time. 

In congestive right heart failure, 92 per cent of the cases (128 patients) show 
a prolonged circulation time, while compensated cases of heart disease have normal 
circulation times. 

Pure bronchial asthma, having a normal or slightly shortened circulation time, 
ean be differentiated by the fluorescein circulation time from cardiac asthma, which 
has a prolonged circulation time. 

Hyperthyroidism is associated with shortened circulation time values, which seems 
to provide an earlier indication of the clinical situation than the basal metabolic 
rate. 

Patients with hypothyroidism have prolonged circulation times. 

Anemia considerably shortens the circulation time when the red blood cell count 
goes below 3,500,000. 

Inhalations of acetylene can be used to determine the time which elapses until 
all blood in rapid circulation has passed the lungs at least once (‘‘slowest circula- 
tion time’’). (a) Twenty-four normals had slowest circulation times of 2144 to 3% 
minutes. (b) Ten eases of thyrotoxicosis showed slowest circulation times of 1% to 
2 minutes, and patients in cardiac failure had slowest circulation times of up to 
six minutes. (¢) Work shortens the slowest circulation time as much as two and 
a half times the normal. (d) The comparative values found with the fluorescein 
method for the fastest, and the acetyiene methed for the slowest, circulation time 


show the same relation. 
AUTHORS. 


Zimmerman, S. L.: Carotid Sinus Syndrome: A Report of Three Additional Cases 
From the Cardiological Service, U. S. V. A. Facility, Columbia, South Carolina. 
J. Lab. & Clin. Med. 28: 1548, 1943. 


Three cases of carotid sinus syndrome, two of the vagal type and one of the de- 
pressor type, are reported. In all, medical treatment afforded some relief. One of 
the patients with the depressor type had an associated low basal metabolic rate. His 
response to medication was not reliable, possibly in view of his failure to diligently 
take the ephedrine. The results with the vagal type cases have been more encourag- 
ing. 

In all three of these reported caess, the presence of the syndrome was easily 
established. In two, the history revealed the precipitating factor to be an abnormal 
or suddn movement of the head or neck. In the third, the patient learned that he 
could avoid such an attack by holding his head still, between his hands. 
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The syndrome should be borne in mind in all cases of unexplained syncope, ¢ 
pecially if associated with abnormal movements of the head and neck. 
AUTHOR. 


Battro, A., and Labourt, F. E.: Considerations on the Determination of Maximal 
Ventilation and Pulmonary Reserve and Hyperpnea of Cardiac Patients. Rev. 
argent. de cardiol. 10: 83, 1943. 


On the basis of observations made in ten normal persons and nineteen pathologic 
cases, most of whom had congestive ecardiae failure, it is concluded that the values 
of maximal ventilation and pulmonary reserve deduced from the value of the vital 
capacity, actual or caleulated, do not conform with those obtained from direct meas 
urement. 

The relation of these measurements to the hyperpnea of cardiae patients was stud 
ied. 

In those cases in which the pulmonary reserve (maximal ventilation minus minute 
respiratory volume) was less than 70 per cent of the maximal ventilation, dyspnea 
and pulmonary congestion were present. 

In one case of congenital heart disease with cyanosis and dyspnea, the pulmonary 
reserve was 82 per cent. In this and similar cases, dyspnea is probably related to 
blood chemical changes due to the arteriovenous shunt. 

Pulmonary reserve diminished in the recumbent posture with the head in a low 
position and dyspnea increased without great modification of vital capacity. The 
diminished pulmonary reserve was due to diminution of maximal ventilation and in 
crease of respiratory minute volume. 

AUTHORS. 


Gregg, D. E., Shipley, R. E., and Bidder, T. G.: The Anterior Cardiac Veins. 
Their Functional Importance in the Venous Drainage of the Right Heart. Am. 
J. Physiol. 139: 732, 1943. 


The number and anatomic distribution of the major anterior cardiac veins of the 
dog’s heart have been studied from roentgenograms of specimens injected immedi 
ately post mortem. Inspection alone reveals that the greater portion of the subepi 
eardial surface of the right ventricle is traversed by many small branches which 
merge to form, in different hearts, from two to five major anterior cardiac veins. 
Each major vein empties separately and directly into the right atrium, about 4 io 
8 mm. superior to the border of the tricuspid valve. Other smaller veins are invari 
ably present. 

The functional importance of the anterior cardiac veins, virtually ignored by 
previous investigators, is demonstrated. In sixteen anesthetized open chest dogs with 
different body weights and blood pressures, the flow from all the major anterior 
vardiac veins cannulated ranged from 8.5 to 26.5 ¢.c. per minute. The flow could 
be increased greatly by various procedures. It was established that flow from the 
anterior cardiac veins is almost, if not entirely, derived from the coronary arteries, 
and its magnitude generally approaches and not infrequently exceeds the simul 
taneously measured right coronary inflow. 

The major portion (50 to 92 per cent) of right coronary inflow was found to 
drain via the anterior cardiac veins into the right atrium. This finding makes com 
pletely untenable the conventionally accepted belief that nearly all of the right 
coronary inflow drains by way of the Thebesian vessels into the right ventricle. 


To prevent confusion in terminology for the cardiae veins considered here, it is 
suggested that the officially accepted name ‘‘anterior cardiac veins’’ (BR of BNA) 
be used when indicated, and the conventional use of the misleading term ‘‘ accessor) 
veins,’’ as applied to an aggregate of several unspecified vessels, be avoided. 

AUTHORS. 


SELECTED ABSTRACTS 283 


Baila, M. R., and Gofii Moreno, I.: Ligation of the Ductus Arteriosus. Rev. 
argent. de eardiol. 10: 107, 1943. 


A case is reported of persistent ductus arteriosus treated surgically by ligation. 
The clinical course of eight other nonoperated cases is Jescribed and the indications 
of the surgical treatment are discussed. The authors consider that ligation of the 
persistent ductus should be made only in those cases in which the congenital defect 
causes marked physical disability. 

AUTHORS. 


Crismon, J. M., Crismon, C. S., Cababresi, M., and Darrow, D. C.: Electrolyte 
Redistribution in Cat Heart and Skeletal Muscle in Potassium Poisoning. Am. 
J. Physiol. 139: 667, 1943. 


Heart, skeletal muscle, and serum electrolytes and water analyses were made on 
twenty-three cats in which the electrocardiograph was used to detect potassium 
poisoning. 

Potassium poisoning, as judged from the disappearance of P waves from the 
electrocardiogram, occurred when the serum potassium reached 11.0 meq. per liter, 
but was detected in some cases at lower serum concentrations if the rate of rise of 
potassium was faster than 0.53 meq. per liter per minute. 

No quantitative relationship could be demonstrated between the amount of potas 
sium found in the heart and the appearance of potassium poisoning, although both 
the heart and skeletal muscle were found to take up potassium readily if the plasma 


concentration is elevated. 
The uptake of potassium by the heart is associated with the loss of sodium and 
the appearance of considerable quantities of chloride in the intracellular phase. 


The above observations are discussed in relation te their significance in potassium 


poisoning. 
AUTHORS, 


Hiatt, E. P.: The Action of Adrenaline, Acetylcholine and Potassium in Relation 
to the Innervation of the Isolated Auricle of the Spiny Dogfish (Squalus Acan- 
thias). Am. J. Physiol. 139: 45, 1943. 


The isolated sinus-auricle preparation of the elasmobranch (Squalus acanthias) 
which is apparently without sympathetie innervation, shows marked reactions to 
adrenalin. 

The previously reported observation that adrenalin in high concentration causes 
a transient inhibition has been confirmed, but this effect is not blocked by atro- 
pine, so it is concluded that the action is not upon the vagus endings as has been 
suggested, but that it is directly upon the myocardial cells. 

Adrenalin in low, more nearly physiologic concentrations causes augmentation 
of the contractions without a change in rate. This effect also persists after 
atropine. 

The dogfish auricle is much more resistant to the action of acetylcholine in the 
absence of an inhibitor of choline esterase than the auricles of frog and turtle 
hearts, but after treatment with prostigmine the dogfish auricle reacts in the same 
manner and with approximately the same sensitivity as other vertebrate auricles 
to acetylcholine. 

The inhibitory actions of acetylcholine and the depression of auricular beat due 
to potassium excess are markedly antagonized by small concentrations of adrenalin. 

A possible teleologic value of the sensitivity of the myocardial cells to adren- 


alin is suggested. 
AUTHORS. 
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Levinson, J. P., and Essex, H. E.: Observations on the Effect of Certain Drugs on 
the Small Blood Vessels of the Rabbit Ear Before and After Denervation. 


Am. J. Physiol. 139: 423, 1943, 


A study of the reactions of the minute blood vessels seen in the transparent 
chambers inserted in the ears of albino rabbits has been presented. The response 
of these blood vessels to epinephrine, ephedrine, pitressin, and ergotoxine has 
been recorded for innervated and denervated ears. Observations were also made 
on the effect of stimulation of the auricular and cervical sympathetic nerves on 
these blood vessels. Each animal was grossly examined at necropsy for evidence 
of regeneration of nerves. 

The following conclusions were drawn: 

The tissue grown into a transparent chamber inserted in the rabbit’s ear is 
entirely suitable for physiologic studies. 

The response to epinephrine was a consistent constriction of the arterioles 
accompanied by slight narrowing of the venules. 

Ephedrine, in general, produced the same response as epinephrine. There was 
evidence of refractoriness to repeated doses of ephedrine. 

Pitressin in the dose used (0.1 pressor unit per kilogram of body weight) had 
the most pronounced vasoconstrictor action. There was, as with ephedrine, re 
fractoriness to repeated doses of pitressin. 

Ergotoxine blocked the vasoconstrictor action of epinephrine. 

Stimulation of the cervical sympathetic chain produced a constriction of 
arterioles in the window more consistently than did stimulation of the dorsal o1 


the 


great auricular nerves. 
The denervated vessels in the chamber became hypersensitive to epinephrine 


and regained their ‘‘tone’’ after denervation. Suggestions have been made as 


to the mechanism involved. 
The blocking action of ergotoxine and tle phenomenon of taehyphylaxis are 
apparently somewhat altered by denervation. 
AUTHORS, 


Chen, K. K., and Steldt, F. A.: Cerberin and Cerberoside, the Cardiac Principles 
of Cerbera Odallam. J. Pharmacol. & Exper. Therap. 76: 167, 1942. 


Cerberin can be isolated from both the oil and the defatted kernels of Cerbera 


odallam nuts. 


1 second bateh of nuts, a glycoside similar to but not identical with 


From 
eerberin has been isolated, to which the name of cerberoside has been proposed. 
Both ecerberin and cerberoside have a digitalis-like action. Cerberin is much 


more potent on the heart than cerberoside. 
AUTHORS. 


Sokolow, M., and Chamberlain, F. L.: Clinical Evaluation of Cedilanid. Ann. 


Int. Med. 18: 204, 1945. 
Lanatoside C (cedilanid) is a pure, stable, ervstalline glycoside derived from 
Digitalis lanata. It is a potent therapeutic agent in congestive cardiac failure 
with normal rhythm, in auricular fibrillation, and in auricular flutter. In auricu 
lar fibrillation, intravenous cedilanid produces an abrupt fall in the ventricular 
rate, frequently within ten minutes. 

The average oral digitalizing dose of cedilanid is 7.5 mg. in three days. The 


average intravenous digitalizing dose is 8 e.c. (1.6 mg.) in twenty-four hours. 


The average maintenance dose of oral cedilanid is 1.6 mg. 
Oral cedilanid apparently is absorbed three times as readily as oral Digitalis 
purpurea. This is based on the fact that the digitalizing dose of cedilanid is only 
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4.7 times its maintenance dose whereas the digitalizing dose of Digitalis purpurea 
is 11.3 times its maintenance dose. 

No striking difference in clinical effects was noted between oral cedilanid and 
oral Digitalis purpurea. 

The most important therapeutic advantage of cedilanid is obtained from the 
intravenous preparation, primarily because of its rapid action. Approximately 
2.8 times as much drug is required for oral as for intravenous twenty-four-hour 
digitalization. 

AUTHORS. 


Klein, C., Saland, G., and Zurrow, H.: Pancreatic Tissue Extract (Insulin-Free) 
in the Treatment of Peripheral Vascular Disease. Ann. Int. Med. 18: 214, 1945. 


Pancreatic tissue extract, insulin-free, produced a drop in the muscle tempera- 
ture of the lower extremity, with no significant effect on the skin temperature, 
when injected intramuscularly. 

Pancreatic tissue extract, insulin-free, had no effect on claudification time, as 
measured by ergometer, within one-half hour of intramuscular injection. 

-ancreatic tissue extract, insulin-free, injected intramuscularly in 3 c.e. doses 
twice a week for relatively long periods of time, from six to eighteen months, 
produced improvement in claudication time and rest pain. 

Pancreatic tissue extract, insulin-free, injected intramuscularly in 3 ¢.c. doses 
twice a week for relatively long periods of time, from six to eighteen months, had 
no effect on vascular anatomic or tissue anatomic status, on vascular reserve, or 


on functional classification. 
Patients receiving no specific treatment but following instructions concerning 
hygienic care of the feet, showed a definite degree of improvement in vascular 


reserve, as measured by thermal test or nerve block. 
AUTHORS, 


Plentl, A. A., Page, I. H., and Davis, W. W.: The Nature of Renin Activator. 
J. Biol. Chem. 147: 143, 1943. 


An electrophoretic analysis of hog serum has been made which showed the 
presence of-five distinct proteins. a-Globulin was found to exhibit the phenome- 
non of a double peak. The serum wes fractionated by precipitation with am- 
monium sulfate, which vielded some of the globulins in reasonably pure form. 
a- and ,-globulins were found to precipitate within the concentration limits re- 
ported for horse serum, but the limits for albumin were found to be much higher. 
8-Globulin could not be obtained in pure state. Pseudoglobulin fractions were 
incubated with various amounts of renin and only the a,-globulin component found 
to act as substrate for the production of angiotonin. Euglobulins were entireiy 
inactive. The relative efticiency of serum, activator, and a-globulin as substrate 
was compared and the amount of angiotonin formed was found to be proportional! 
to the concentration of a.-globulin. The substance referred to as renin activator 
is therefore identical to, or moves with the same electrophoretic mobility as 
a,-globulin, 

An appreciable quantity of angiotonase has been demonstrated in the albumin 
fraction, while none could be found in the globulins. 

AUTHORS, 


Raab, W.: Epinephrine and Related Substances in Human Arterial Walls and 
Kidneys: Their Role in Arteriosclerosis. Arch. Path. 35: 836, 1943. 
Epinephrine and epinephrine-like substances (adrenal catechols) were deter- 

mined colorimetrically in human aortas, renal arteries, and kidneys. 
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Infantile tissues contained the lowest total amounts of chromogenic material. 
[It consisted almost entirely of epinephrine proper or sympathin. 

With advancing age, increasing amounts of other, epinephrine-like substances, 
similar to those produced by the adrenal medulla, were found to accumulate in 
vascular walls and kidneys. 

Abnormally large concentrations were observed in the vessels and the kidneys 
of persons with adrenal tumors. 

Selerotic aortas contained high concentrations of chromogenic material other 
than epinephrine proper more frequently than normal aortas. 

In arteriosclerotie kidneys, on the other hand, pure epinephrine or sympathin 
was more commonly encountered than in morphologically normal kidneys. In this 
respect arteriosclerotiec kidneys resemble the failing hypertrophic and damaged 
human heart. 

In cases of marked albuminuria the renal concentrations of the total chromo 
genie material or of epinephrine proper were high. 

The role of adrenal hormones and sympathin as intrinsic damaging agents in 
the origin of arteriosclerosis is discussed. 

AUTHOR. 


Hueper, W. C.: Experimental Studies in Cardiovascular Pathology. VII. Chronic 
Nicotine Poisoning in Rats and in Dogs. Arch. Path. 35: 846, 1943. 


Rats and dogs given subcutaneous injections of nicotine over eight to ten 
months were found to have degenerative lesions in the elastic and muscular ar 
teries and arterioles. The morphologic type of arterial changes produced reflects 
the nature of the mechanism of action of nicotine (vasoconstrictive ischemic 
noxemia). 

Female rats given injections of nicotine only, and male rats given injections 
of nicotine and epinephrine, nicotine and desoxycorticosterone acetate, and nico 
tine and mecholyl chloride, respectively, showed a much higher mortality rate 
than male rats receiving nicotine only, particularly male rats given injections of 
nicotine and kept on a diet containing additions of cystine and ascorbie acid. 

Exogenous and, possibly, dietary factors may account in part for the differ 
ences in individual susceptibility to nicotine in man and in animals. 

The testicular degenerations occurring in an appreciable number of rats treated 
seemed to be the result of vasoconstrictive episodes of anoxemin. 

AUTHOR. 


Boyd, L. J., and Scherf, D.: Magnesium Sulfate in Paroxysmal Tachycardia. Am. 
J. M. Se. 206: 43, 1943. 


The effect of intravenous injections of magnesium sulfate in ten cases of par 
oxysmal tachycardia and one ease of flutter was studied. 

The injection of a 10 per cent solution was beneficial in three out of eighi 
attacks, while a 20 per cent solution succeeded in eight out of eight attacks. 
Consequently the use of a 20 per cent solution is advocated. 

Disturbances of conduction and ventricular extrasystoles appear for a short 
time after the injection. The rate of paroxysmal tachycardia frequently dimin- 
ishes before the tachycardia disappears. 

In the doses and with the indications discussed, the intravenous injection of 
magnesium sulfate may be recommended as a useful therapeutic procedure in 
paroxysmal tachycardias. 


AUTHORS. 
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Ranges, H. A., and Bradley, S. E.: Systemic and Renal Circulatory Changes Fol- 
lowing the Administration of Adrenin, Ephedrine, and Paredrinol to Normal 
Man. J. Clin. Investigation 22: 687, 1943. 


A study of systemic and renal circulatory changes in thirty-one normal subjects 
during the action of adrenin, ephedrine, and paredrinol, has been reported. Cardiac 
output has been measured by the ballistocardiograph, arterial pressure with the 
Hamilton manometer, and right intra-auricular pressure, following catheterization 
of the right heart, with a saline manometer. Renal plasma flow was determined as 
diodrast clearance, glomerular filtration rate as mannitol or inulin clearance, and 
the filtration fraction as the mannitol/diodrast ratio. 

Adrenin and ephedrine were found to display similar activity. Evidence was ad 
duced to support the view that the vasodilator action of these substances dominated 
the hemodynamie picture with an increase in cardiae output, associated with in 
creased intra-auricular pressure, producing the pressor effects. Increased pulse 
pressure, without corresponding increases in stroke volume or cardiae output, in 
dicated a direct action of these drugs upon the central arteries. 

Paredrinol has proved to be a predominantly vasoconstrictor drug with its pri- 


mary site of action in the periphery. Peripheral resistance and blood pressure rose, 


and cardiac output declined, in the face of increased right auricular pressure. It 
was inferred that paredrinol increased cardiae tone. 

All the substances studied produced identical renal effects. tenal plasma flow 
decreased without significant change in the glomerular filtration rate and the filtra 
tion fraction increased, indicating efferent arteriolar vasoconstriction. 
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HE American Heart Association is the only national organization devoted to 

educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of thirty eminent 
physicians who represent every portion of the country. 

A central office is maintained for the coordination and distribution of important 
information. From it there issues a steady stream of books, pamphlets, charts, 
films, lantern slides, and similar educational material concerned with the recognition, 
prevention, or treatment of diseases of the heart, which are now the leading cause of 
death in the United States. The American Heart JouRNAL is under the editorial 
supervision of the Association. 

The Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and Ivmph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

The income from membership and donations provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. 

Annual membership is $5.00. Journal membership at $11.00 includes a year’s 
subscription to the AMERICAN HEART JOURNAL (January-December) and annual 
membership in the Association. The Journal alone is $10.00 per year. 

The Association earnestly solicits your support and suggestions for its work. 
Membership application blanks will be sent on request. Donations will be gratefully 
received and promptly acknowledged. 


*Executive Committee. 
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